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BACKGROUND OF THE INVENTION ' 15 

The present invention concerns a method of using the BK 
enhancer in the presence of an inunediate-early gene product 
of a large DNA virus to increase transcription of a recom- 
binant gene in eukaryotic host cells. The BK enhancer is a 
defined segment of DNA that consists of three repeated ^ 
sequences (the prototype BK enhancer is depicted in 
Exanople 17, below). However, a wide variety of BK 
enhancer variants, not all consisting of three repeated 
sequences, arc known in the art and suitable for use in the 
invention. 

The BK enhancer sequence exemplified herein is obtained 
from BK virus, a human papovavirus that was first isolated 
from the udne of an inmiunosuppressed patient BK vims is 
suspected of causing an unapparent childhood infection and ^ 
is ubiquitous in the human population. Although BK virus 
grows optimally in human cells, the virus undergoes an 
abortive cycle in non-primate cells, transforms rodent cells 
in vitro, and induces tumors in hamsters. BK virus is very 
similar to SV40, but the enhancer sequences of the two 3^ 
papovaviiuses, SV40 and BK, differ substantially in nucle- 
otide sequence. Hie coiiq}iete nucleotide sequence of BK 
virus (-5^ kb) has been disclosed by Seif ct al., 1979, Cell 
18:963, and Yang and Wu, 1979, Science 206:456. Prototype 
BK vims is available from the American Type Culture ^ 
Collection (ATCQ, 12301 Paddawn Dr., RockviUe. Md, 
20852-1776, unda the accession number ATCC VR-837, A 
restriction site and function map of prototype BK virus is 
presented in FIG. 1 of tiic accompanying drawings. 

Enhancer elements are cis-acting and increase the level of 43 
transcription of an adjacent gene from its promoter in a 
fashion that is relatively independent of tfie position and 
orientation of the enhancer element. In fact, Khoury and 
Gruss, 1983, Cell 33313, state that '*tiie remarkable ability 
of enhancer sequences to function upstream from, within, or 50 
downstream from eukaryotic genes distinguishes them from 
classical promoter elements . . . ** and suggest that certain 
experimental results indicate that "enhancers can act over 
considerable distances (perhaps >10 kb)." 

The present invention teaches that unexpected inaeases SS 
in transcription result upon positioning the BK enhancer 
immediately upstream of (on the 5' side of) the "CAAT" 
region of a eukaryotic promoter that is used in tandem with 
the BK enhancer to transcribe a DNA sequence encoding a 
useful substance. The CAAT region or "Inomediate upstream 60 
region" or "-80 homology sequence" is a cis-acting 
upstream clement that is a conserved region of nucleotides 
observed in promoters whose sequences for transcriptional 
activity have been dissected. The CAAT region is found in 
many, but not all, promoters. In other promoters, equivalent 6S 
cis-acting upstream elements are found, including SPl bind- 
ing sites, the octa sequence, nuclear factor 1 binding sites, 
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the API and AP2 homologies, glucocorticoid response 
elements, and heat shock response elements. The CAAT 
region equivalent in the adenovirus major late promoter is 
the upstream transcription factor (UTF) binding site 
(approximate nucleotides -50 to -65 upstream of the CAP 
site). The CAAT sequence mediates the cfBdency of tran- 
scription and, with few exceptions, cannot be deleted with- 
out deaeasing promoter strength. 

Enhancer elements have been identified in a number of 
viruses, including polyoma virus, papilloma virus, 
adenoviius,retrovirus, hepatitis virus, cytomegalovirus, her- 
pes virus, papovaviruses, such as simian virus 40 (SV40) 
and BK, and in many non-viral genes, such as within mouse 
immunoglobulin gene introns. Enhancer elements may also 
be present in a wide variety of other organisms. Host cells 
often react differently to different enhancer elements. This 
cdlular specificity indicates that host gene products interact 
with the enhancer element during gene expression. 

Enhancer elements can also interact with viral gene 
products present in the host cell. Velcich and Ziff, 1983, Cell 
40:705; BoirellietaL, 1984, Nature 312:608; and Hen et al.. 
1985, Science 230:1391 , disclose that the adenovirus-2 early 
region lA (ElA) gene products repress activation of tran- 
scription induced by the SV40, polyoma virus, mouse 
immunoglobulin gene and adenovirus-2 ElA enhancers. 
Eukaryotic expression vcaors that utilized enhancers to 
increase transcription of recombinant genes consequently 
were not expected to work better than vectors without 
enhancers in ElA-containing host cells. In striking contrast 
to the prior ait methods of using enhancers, the present 
method for using the BK vims enhancer dement involves 
using the ElA gene product or a similar immediate-early 
gene product of a large DNA virus to maximize gene 
expression- Thus, the present invention teaches that the 
ability of the BK enhancer to promote transcription of DNA 
is increased in the presence of the ElA gene product of any 
adenovirus. 

The ElA gene product (actually, the ElA gene produces 
two products, which are collectively referred to herein as 
'the ElA gene product") is an immediate-early gene product 
of adenovirus, a large DNA virus. The present invention 
encon^asses the use of any immediate-early gene product of 
a large DNA virus that functions similarly to the ElA gene 
product to increase the activity of the BK enhancer. The 
herpes simplex virus ICP4 protein, described by DeLuca et 
aL, 1985, Mol. CeU. Biol. 5: 1997-2008, the pseudorabies 
vims IE protein, described by Feldman et aL, 1982 P.N.A.S. 
79:4952-4956, and the ElB protein of adenovirus are all 
immediate-early gene products of large DNA viruses that 
have functions similar to the ElA protein. Therefore, the 
metiiod of the present invention includes the use of the ICP4, 
IE, or ElB proteins, either in the presence or absence of ElA. 
protein, to increase the activity of the BK enhancer. 

SUMMARY OF THE INVENTION 

The present invention concerns a method of using the BK 
virus enhancer in the presence of an immediate-early gene 
product of a large DNA vims, such as the EIA gene product 
of adcnovims, for purposes of increasing transcription and 
expression of recombinant genes in eukaryotic host cells. 
Another significant aspect of the present invention relates to 
a variety of expression vectors that utilize the BK enhancer 
sequence in tandem with a eukaryotic promoter, such as the 
adenovims late promoter (MLP), to drive expression of 
useful products in eukaryotic host cells. Many of these 
expression vectors comprise a BK cnhancer-adcnoviras late 
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promoter cassette, whidi can be readily transferred to other 
vectors for use in the present method. The vcnatility of the 
present expression vectors is demonstrated by the high-level 
expression driven by these vectors of such diverse proteins 
as chlQra]i^)henicol acetyltransferase, protein C, tissue plas- 
minogen activator, and modified tissue plasminogen activa- 
tor 

In the construction of certain vectors of the invention, the 
BK enhancer and SV40 enhancer were placed in tandem at 
the front (S*) end of the MLP, itself positioned to drive 
expression of a recombinant gene on a recombinant DNA 
expression vector. This tandem placement yielded unexpect- 
edly higher levels of expression in cells that did not express 
the immediate-early gene product of a large DNA virus. 
Consequently, a further aspect of the invention is a method 
of producing a gene product in a recombinant host cell that 
comprises transforming the host cell with a recombinant 
DNA vector that comprises two different enhancers placed at 
the 5' end of the coding sequence for the gene product and 
culturing the transformed cell under conditions that allow 
for gene expression. 

The practice of the invention to express human protein C 
in adenovirus-traasfoimed cells led to the discovery that 
such cells are especially prefecred hosts for the production of 
y-carboxylated proteins. Consequently, a further aspect of 
the invention comprises a method for making y-caiboxylated 
proteins. 

Yet another important aspect of the present invention 
concerns a method of increasing' the activity of the BK 
enhancer relative to an adjacent eukaryotic promoter and is 
illustrated using the BK enhancer-adenovirus-2 late pro- 
moter cassette. These derivatives were constructed by enzy- 
matic treatment that positioned the BK enhancer very dose 
to the CAAT region of the adenovirus-2 late promoter. 
Dramatic increases in expression levels, as compared with 
constructions that lack this positioning, were observed when 
these modified BK enhancer-adenovirus late promoter 
sequences were incorporated into expression vectors and 
then used to drive expression of useful gene products in 
eukaryotic host cells. Thus, the present invention provides a 
method for increasing the activity of the BK enhancer 
relative to an adjacent eukaryotic promoter that comprises 
positioning the enhancer immediately upstream, within 0 to 
about 300 nucleotides, of the 5' end of the CAAT region or 
CAAT region equivalent of the eukaryotic promoter. 

Yet another aspect of the invention results £rom atteni^ts 
to increase expression of recombinant products encoded on 
the vectors described herein by inccsporation of portions of 
the tripartite leader sequence of adenovirus into those 
expression vectors. Significant increases in e:^essioa result 
when the first part of the tripartite leader of adenovirus is 
encoded into a recombinant DNA expression vector, and 
such expression can be further increased in some situations 
by action of the VA gene product of adenovirus. 

An additional aspect of the present invention concerns a 
method of amplification of genes in primate ceUs. The most 
widely used method for gene amplification en^loys the 
murine dihydrofolate reductase gene for selection and 
aIx^)lification in a dhfir deficient cell line. Human polypep- 
tides often require post-translational modifications which 
occur most efficientiy in primate cells, yet most primate cells 
cannot be directiy selected or aii^lified using only the dhfr 
system. The present invention provides a method wherein 
the primate cells are first isolated using a directiy selectable 
marker, then amplified using the dhfr system, tiiereby sig- 
nificantly inaeasing the expression levels fi[X)m primate 
cells. 
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Another aspect of the present invention concerns novd 
recombinantly produced human protein C molecules which 
contain glycosylation patterns totally unlike the human 
protein C molecules derived from plasma. The novel recom- 
binantly produced protein C molecules display functional 
activities which are quite different than plasma-derived 
human protein C. Furthermore, the recombinant human 
protein C molecules derived from 293 celis contain fewer 
sialic add residues than the plasma-derived human protein 
C. 

For purposes of the present invention, flie following terms 
are as defined below. 

Antibiotic — a substance produced by a micro-oiganism 
that, either naturally or with limited chemical modification, 
will inhibit the growth of or kill another microorganism or 
eukaryotic cell. 

Antibiotic Resistance-Conferring Gene — a DNA segment 
that encodes an activity that confers resistance to an antibi- 
otic. 

ApR — the aic|}icillin-resistant phenotype or gene confer- 
ring same. 

Qoning — ^the process of incorporating a segment of i>NA 
into a recombinant DNA cloning vector. 

CmR — the chlorani^jhenicol-resistant phenotype or gene 
confening same. 

dhfr— dihydrofolate reductase. 

cp — a DNA segment comprising the S V40 early promoter 
of Uie T-antigen gene, the T-antigen binding sites, and the 
SV40 origin of replication. 

Eukaryodc promoter — any DNA sequence that functions 
as a promoter in eukaryotic cells. 

HniR — the hygromycin-resistant phenotype or gene con- 
ferring same. 

IVS — ^DNA encoding an intron, also called an intervening 
sequence. 

Large DNA virus — a virus that infects eukaryotic cells 
and has a genome greater than -10 kb in size, ie., any of the 
pox viruses, adenoviruses, and herpes viruses. 

MLP— 4he major late promoter of adenovirus, which is 
also referred to herein as the late promoter of adenovirus. 

NeoR— the neomycin resistance-conferring gene, which 
can also be used to confer G418 resistance in eukaryotic host 
cells, 

oii — a plasmid origin of replication. 

pA— a DNA sequence encoding apolyadenylation signal. 

Promoter — a DNA sequence that directs transcription of 
-DNA into RNA. 

Recombinant DNA Qoning Vector — any autonomously 
replicating or integrating agent that con^uises a DNA mol- 
ecule to which one or more additional DNA segments can be 
or have been added. 

Recombinant DNA Expression Vector — any recombinant 
DNA doning vector comprising a promoter and associated 
insertion site, into which a DNA molecule that encodes a 
useful product can be inserted and expressed. 

Recombinant DNA Vector — any recombinant DNA don- 
ing or expression vector: 

Replicon — any DNA sequence that controls the replica- 
tion of a recombinant DNA vector. 

Restriction Rragment — any linear DNA generated by the 
action of one or more restriction enzymes. 

rRNA — ribosomal nbonuddc add. 

Sensitive Host Cdl-— a host cell that cannot grow in the 
presence of a given antibiotic or other toxic compound 
without a DNA segment that confers resistance thereto. 
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Stnictonl Gene— «ny DNA sequence that encodes a 
polypeptide, inclusive of that DNA eaooding the start and 
stop codons. 

Structural Polypeptide — any nscAtI polypeptide, 
indudingr but not limited to, human proteitt C, tissue plas- 
minogen tcdvatoi; f'y*"*i"| thrQmboDOdu2in« factor Vk cr 
factor Vnb. 

TcR— ttie tctxacyclinc-icsistant phenotype or gene con- 
faxing same. 

Tranrfonnaat — a xecfpicnt host cell that has andergone 
tnnsfGDnation. 

TransfotmiUion— the Introductiott of DNAlnto a icdpiest 
host cell 

tRNA— inuisfer zibonudeic acid. 

• BRIEF DESCaOFnOK OF THE FIGURES 
HG. 1 is a restdctiao site and Auction map of BK vxzui. 
FIG. 2 is a lestdction site and fiinction m^ of plasmid 
pBKEl. 

FIG. 3 is a zestnction site and function map of plaimud 
pBEnool. 

FIG. 4 is a icstziddon site and fdnction map of plasmid 
pSV2caL 

FIG. 5 is a restziction site and fUndion m:^ of plasmid 
pLPcat 

FIG. 6 is a xestxictioo site and function map of plasmid 
pBLcat. 

FIG. 7 is a zestddion site and function map of plasmid 
pBEcat. 

FKj. 8 is a restnction ate and foncdon rnsp of plsinnM 
pSBLcaL 

FIG. 9 depicts the consmiction and presents a restriction 
site and ftioction xa»p of placid pL133. 

FIG. 10 is a rescdcdon site and ftmction mjp of plasmid 
pLPC 

FIG. U is a lestdction site and funcdon map of plasmid 
pLPC4. 

FIG. 12 is a restdcdott site and function map of plasmid 
pSV2hyg. 

FIG. 13 is atcstdction site andfonctioa m^ of plasmid 
ptichyg. 

FIG. 14, parts 1-3 depict the coastructioa and presents a 
rcstnctiott dte and fimcdon map of plasmid pBW32. 

msp of plasmid 



msp of plasmid 
map of plasmid 
map of plasmid 
nv* p of plasmid 
map of plasmid 
map of plasmid 
T p^p of plasmid 
map of plasmid 



FIG. 15 is a restddioa site and function 
pLPChdL 

FIG. 16 is A restdcdott site and function 
pbd. 

FIG. 17 is a mtdrrfna site and function 
jiPCElA. 

FIG. 18 is a rcstticdon site and ftmcdon 
pBLT. 

FIG. 19 is a restriction site and function 
pBlJhygU 

FIG. 20 is a restriction site and function 
pBLTdhfrl. 

FIG. 21 is a restdcdott site and funcdon 
pTPA60i 

FIG. 22 is aicstricdon site tad funcdon 
pTPA603. 

FIG. 23 is a restriction site and function 
phcTTPA. 

FIG. 24 is a restriction siic and function 
phdMTPA. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

The present inveation concerns an in^roved method for 
producing a useful substance in a eukaiyotic host oeU 
wherein said cell is transformed with a recombinant DNA 
vector that comprises a eukaiyotic promoter, a BK enhancer 
positioned to stimulate said promoter, and a DNA sequence, 
that encodes said useful substance, said sequence being 
positioned for expression from said promoter, and wherein 
said cell containing said vector is cultured under conditions 
suitable for expression of said useful substance, wherein the 
improvement comprises: (a) providing said cell with a DNA 
sequence Uiat codes for the expression of an immediate- 
early gene product of a large DNA virus; and (b) culturing 
said ceil of step a) under conditions suitable for expressing 
said gene product and stimulating the activity of said 
enhanceL Those skilled in the art recognize diat many 
established cell lines express an immediate-early gene prod- 
uct of a large DNA virus and that such cell lines are 
especially useful in the present method. Thus, the present 
invention also comprises an improved method for producing 
a useful substance in a eukaiyotic host cell wherein said cell 
is transformed with a recombinant DNA vector that com- 
prises a eukaiyodc promoter, a BK enhancer positioned to 
sdmulate said promoter, and a DNA sequence that encodes 
said useful substance, said sequence being positioned for 
expression from said promoter, and wherein said cell con- 
taining said vector is cultured under conditions suitable for 
expression of said useful substance, wherein the improve- 
ment comprises: (a) inserting said vector into a eukaryotic 
host cell that expresses an immediate-early gene product of 
a large DNA virus, and (b) culturing said cell of step a) under 
conditions suitable for expressing said gene product and 
stimulating the activity of said enhancer. 

An important aspect of the present invention is the novel 
group of expression vectors that comprise the BK enhancer 
sequence in tandem with the adenovirus-2 late promoter. 
The egression vectors of the present invention were con- 
structed so that DNA molecules encoding useful products 
can be or have been readily inserted into the vectors in the 
correct position for expression. Furthermore, the BK 
enhancer sequence and eukaryotic promoter have been con- 
structed to form a "cassette," which can be isolated from the 
expression vectors on a relatively small restriction firagment 
The cassette can be readily shuttled between a variety of 
expression vectors. The expression vectors specifically 
exemplified herein utilize the adenovirus-2 or BK late 
promoter in the BK enhancer-eukaryotic promoter cassette 
that drives transcription in the method of the present inven- 
tion. 

Although BK virus (ATCC VR-837) can be purchased or 
readily isolated in large quantities as described in Example 
1, it is also convenient to done the BK viral DNA onto a 
plasmid cloning vector and use the recombinant vector as a 
source of BK viral DNA sequences. Consequently, BK viral 
DNA was digested with restriction enzyme EcoRI, which, 
due to the presence of only one EooRI site on the BK 
genome, produced linear BK DNA. Plasmid pUC8 
(avaOable fromBethesda Research Laboratories (BRL), P.O. 
Box 6009, Gaithcrsburg, Md. 20877) was likewise digested 
and linearized with restriction enzyme EcoRI, and the 
EcoRI-cut plasmid pUC8 DNA was ligated to the EcoRI-cut 
BK viral DNA to form plasmids pBKEl and pBKE2, which 
differ onty with respect to the orientation of the BK viral 
DNA. A restriction site and function map of plasmid pBKEl 
is presented in FIG. 2 of the accompanying drawings. The 
construction of plasmids pBKEl andpBKEZ is described in 
Example 2. 
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The BK viral genome has also been combined with a 
portion of plasmid pdBFV-MMTneo to construct plasmids 
pBKneol and pBKneo2. Plasmid pdBPV-MMTneo, about 
15 kb in size and available firom the ATCC under the 
accession number ATCC 37224, conq>iises thcreplicon and 
^lactamase gene from plasmid pBR322, the mouse metal- 
lothiondn pzomoter positioned to drive e^^pression of a 
structural gene that encodes a neomycin resistance- 
conferring enzymCf and about 8 kb of bovine p^illoma 
virus (BPV) DNA. Plasmid pdBPV-MMTneo can be 
digested with restriction enzyme BamHI to generate two 
fragments; the -8 kb fragment that comprises the BPV DNA 
and an -7 kb fragment that comprises the other sequences 
described above. BK virus has only one BamHI restriction 
site, and plasmids pBKneol and pBKneo2 were constructed 
by ligating the -7 kb BamHI restriction fragment of plasmid 
pdBPV-MMTnco to Bamffl-lineaiized BK virus DNA. The 
construction of plasmids pBKneol and pBKneo2, which 
differ only with respect to the orientation of the BK virus 
DNA» is described in Exan^le 3, and a restriction site and 
function map of plasmid pBKneol is presented in FIG. 3 of 
the accompanying drawings. 

Plasmids pBKEl, pBKE2, pBKneol, and pBKneo2 each 
comprise the entire genome of the BK virus, including the 
enhancer sequence, and thus serve as useful starting mate- 
rials for the expression vectors of the present invention. One 
such illustrative expression vector, plasmid pBLcat, com- 
prises the BK enhancer sequence in tandem with the human 
adenovirus-type-2 late promoter positioned to drive expres- 
sion of the chloramphenicol acetyltransfcrase enzyme 
(CAT). Plasmid pSV2cat serves as a convenient source of 
the CAT gene and can be obtained from the ATCC under the 
accession number ATCC 37155. A restriction site and func- 
tion map of plasmid pSV2cat is presented in FIG. 4 of ttie 
acoon^anying drawings. Human adenovirus-type-2 DNA is 
commercially available and can also be obtained from the 
ATCC under the accession number ATCC VR-2. 

Illustrative plasmid pBLcat was constructed by ligating 
the --032 ld> latc-promptcr-containing AccI-PvuIIrestriction 
fragment of human adcnovirus-type-2 DNA to blunt-ended 
Bdl linkers that attached only to the PvuH end of the 
Acd-Pvun restriction fragment The resulting fragment was 
then iigated to the *4.51 kb Acd-StuI restriction fragment of 
plasmid pSV2cat to yield intermediate plasmid pLPcat, far 
which a restriction site and function inap is presented in FIG. 
5 of the accompanying drawings. The desired plasmid 
pBLcat was constructed frompiasmid pUPcat by Hgating die 
origin of replication and enhancer-containing, -1^8 kb 
Acd-Pvun restriction fragment of BK virus DNA to the 
"4.81 kb Acd-Sbil restriction fragment of plasmid pUPcat 
A restriction site and function m^ of the resultant plasmid 
pBLcat is presented in FIG. 6 of the accompanying draw- 
ings. The construction of plasmid pBLcat is further 
described in Example 4. 

Plasmid pBKcat is an expression vector that further 
exemplifies the present invention and utilizes the BK 
enhancer and BK late promoter to drive expression of 
cfalorami^enicol acetyltransfcrase. Plasmid pBKcat was 
constructed in a manner analogous to that described for 
plasmid pLPcat Thus, the -4.51 kb Acd-StuI restriction 
fragment of plasmid pSV2cat was Iigated to the -1.28 kb 
AccI-PvuII restriction fragment of BK virus such that the 
BK late promoter is in the correct orientation to drive 
expression of the CAT gene, A restriction site and function 
map of plasmid pBKcat is presented in FIG. 7 of the 
accompanying drawings. 

Plasmid pBLcat is a convenient source of the BK 
enhanccr-adenovirus late promoter "cassette** of the present 
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invention. This cassette is an -870 bp Hindm restriction 
fragment that can be conveniently inserted into a eukaryotic 
expression vector to increase expression of a product 
encoded by that vector. This was done by digesting plasmid 
pSV2cat with restriction enzyme Hindlll and inserting the 
BK cnhancer-adenovirus late promoter cassette. The result- 
ant plasmid, designated as plasmid pSBLcat, contains the 
SV40 origin of replication, SV40 early promoter, and SV40 
enhancer and therefore differs from plasmid pBLcat in 
which those sequences have been deleted. The tandem SV40 
enhanccr-BK cnhancer-adenovirus major late promoter 
(SBL promoter) cassette can be excised from plasmid pSBL- 
cat on a Pvun restriction enzyme fragment, which can be 
conveniently inserted into any rccombinant DNA expression 
vector. 

Plasmid pSBLcat drives expression of CAT to higher 
levels than does plasmid pBLcat, so long as no ElA gene 
product is present This increased expression in the absence 
of EIA gene product indicates that the two enhancers, one 
from SV40 and the other from BK, have an additive, 
enhancing effect on transcription from nearby promoters. To 
assess the strength. and utiHty of the SBL promoter,. the 
chloramphenicol acetyltransfcrase (CAT) expression vector, 
pSBL-CAT, was transfected vector into a variety of mam- 
malian host cells, and the level of CAT activity was mea- 
sured 48 to 72 hours later as described by Gorman, et al., 
1982, Mol. CelL BioL 2:1044-1051. The level of CAT 
activity obtained from pSV2-CAr, in which the CAT gene is 
driven by the strong SV40 early promoter, was used for 
comparative purposes. Hie SBL promoter was 3 to 6 fold 
stronger than the SV40 early promoter in the following cell 
lines: BHK-21, HeLa, MK2, COS-1, 293, CHO (aU avail- 
able from the American lype Culture collection), P3UCLA 
(Varki et aL, 1984, Cancer Res. 44:681-687), K816 
(GrinneU et aL, 1986, Mol. Cell. Biol. 6:3596-3605), and an 
adenovirus-transfoimed Syrian hamster tumor line, AV12, 
described below. In primary human embryonic kidney ceUs 
and liver cells, CAT activity was detected after transfection 
with pSBL-CAT, but not with pSV2-CAr. Although efficient 
expression from the MLP could be obtained with either the 
BK (pBI^CAT) or SV40 enhancer (pSl^CAT, a plasmid that 
is analogous to plasmid pSV2-CAr, except that the SV40 
early promoter is rqilaced with the adenovirus 2 major late 
promoter, described by GrinneU et al., 1986, MoL Cell. Biol. 
6:3596-3605), these single enhancer constructions did not 
function eflBdently in all cells. For exan^le, pSV2-CAr was 
3 fold stronger than pSI^CAT in 293 cells and 10 fold 
stronger than pBI^CAT in HeLa cells. Thus, the use of 
tandem enhancer sequences upstream of a eukaryotic pro- 
moter results in a strong and versatile promoter that displays 
litde host cell dependence, and therefore can be used for the 
efficient expression of genes in a wide variety of mammalian 
cells. 

However, in the presence of EIA gene product, plasmid 
pBLcat drives expression of CAT to higher levels than does 
plasmid pSBLcat, presumably because the SV40 enhancer is 
inhibited by the EIA gene product Conversely, in HeLa 
cells, the SV40 enhancer stimulated transcription from the 
adenovirus 2 major late promoter (Ad2MLP) 26 fold, but the 
BK enhancer only stimulated transcription from AdZMLP 
1,5 fold in HcLa cells. Because the basal level of BK activity 
in HeLa cells is so low, stimulation of that activity with the 
immediate-early gene product of a large DNA virus, such as 
EIA protein, still docs not result in optimal expression 
levels. This low level activity of the BK enhancer in HeLa 
cells is thought to be due to a repressor activity present in 
HeLa cells that interacts with the BK enhancer. This leprcs- 



SOT activity in HcLa cells can be titrated out by introducing 
more copies of the BK enhancer into the HeLa celL In fact, 
in the HeLa cell line, ElA may increase the level of the 
repressor. However, optimal expression levels can be 
obtained in HeLa cells using the tandem SV40 enhancer BK 
enhancer of the invention. This tandem enhancer thus has 
the advantage of avoiding cell-specific negative interactions 
that may be encountered, as in HeLa cells, in some host 
cells. Arestiiction site and function map of plasmid pSBLcat 
is presented in FIG. 8 of the acconqmying drawings, and 
the construction of plasmid pSBLcat is described in 
E:eaiiq>le 5. 

The BK enhanca-adenovirus late promoter cassette has 
also been used to in^prove expression of human protein C 
This was done by ligadng the cassette into plasmid pL133, 
a plasmid disclosed and claimed in U.S. patent application 
Ser. No, 699.967, filed Feb. 8, 1985, incorporated herein by 
reference. A restdction site and function map of plasmid 
pLD3 is presented in FIG. 9 of the accompanying drawings. 
Plasmid pL133, the construction of which is given in 
Eiiaii^le 6, was digested with restriction enzyme Hindm 
and then ligated to the -0.87 kb HindlH restriction fragment 
of plasmid pBLcat to yield plasmid pLPC. A restriction site 
and function map of plasmid pLPC is presented in FIG. 10 
of the acconqjanying drawings, and the construction of 
plasmid pLPC is further described in Example 7. 

Plasmid pLPC, like plasmid pL133, comprises the 
enhancer, early and late promoters, T-antigen-binding sites, 
and origin of replication of SV40. Thus, use of plasmid 
pLPC and derivatives thereof in any recombinant host cells 
is illustrative of the tandem enhancer expression method of 
the invention. Plasmid pLPC served as a useful starting 
material for many vectors of the invention, including plas- 
mid. pSBL. Plasmid pSBL was constructed by deleting the 
protein C-encoding DNA on plasmid pLPC This deletion 
merely requires excision of plasmid pLFC's single Bdl 
restriction fragment by digestion with Bdl and self-ligation. 
The resulting plasmid pSBL serves as a convenient expres- 
sion vector for use in the tandem enhancer method of the 
invention, for coding sequences of interest can be readily 
inserted at the sole remaining BcU site. 

The SV40 elements present on plasmid pLFC are situated 
dosely togedier and difficult to delineate. The binding of T 
antigen to the T-antigen-binding sites, which is necessary for 
SV40 replication, is known to enhance transcription from 
the SV40 late promoter and surprisingjLy has a similar effect 
on the BK late promoter. Because the high level of 
T-antigen-driven replication of a plasmid that comprises the 
SV40 origin of replication is generally lethal to the host ccU, 
neither plasmid pLPC ncH- plasmid pL133 are stably main- 
tained as episomal (extrachromosomal) dements in the 
presence of SV40 T antigen, but rather, the two plasmids 
must integrate into the chromosomal DNA of tiie host cdl to 
be stably maintained. 

The overall structure of the BK enhancer region is quite 
similar to that of SV40, for the BK enhancer, odgin of 
replication, early and late promoters, and the BK analogue 
of the T-antigen-binding sites are all dosdy situated and 
difficult to delineate on the BK viral DNA. However, when 
grown in the presence of BK T antigen, a plasmid (hat 
ooic^ses the BK origin of replication and T-antxgen- 
binding sites does not replicate to an extent that proves lethal 
and is stably maintained as an episomal element in the host 
cell. In addition, the T-antigen-driven replication can be used 
to increase the copy number of a vector convulsing the BK 
origin of replication so that when selective pressure is 
^plied more copies of the plasmid integrate into the host 
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ccll*s chromosomal DNA. Apparently due to the simflar. 
structure-function relationsh^>s between the BK and SV40T 
antigens and their respective binding sites, BK replication is 
also stimulated by SV40T antigen. To construct a derivative 
of plasmid pLFC that can exist as a stably-maintained 
element in a transfonned eukaiyotic cell, the entire BK 
genome, as an EcoRI-linearized restriction fragment, was 
inserted into the single EcoRI restriction site of plasmid 
pLPC This insertion produced two plasmids, designated 
pLPC4 and pLPCS, which differ only with respect to the 
orientation of the BK EcoRI fragment A restriction site and 
function map of plasmid pLPC4 is presented in FIG. 11 of 
the accompanying drawings, and the construction of plas- 
mids pLPC4 andpLPC5 is farther described in Exair^e 8. 

Episomal maintenance of a recombinant DNA expression 
vectOT is not always prefened over integration into the host 
cell chromosome. However, due to the absence of a select- 
able marker that functions in eukaryotic cells, the identifi- 
cation of stable, eukaiyotic transfonnants of plasmid pLPC 
is, difficult, unless plasmid pLPC is cotransformed with 
another plasmid that does cornprise a selectable marker. 
Consequently, plasmid pLPC has been modified to produce 
derivative plasmids that are selectable in eukaryotic host 
cells. 

Hus was done by Hgating plasmid pLPC to a portion of 
plasmid pSV2hyg, a plasmid that comprises a hygromydn 
' lesistance-confening gene. A restriction site and function 
niiap of plasmid pSV2hyg, which can be obtained from the 
Northern Regional Research Laboratory (NRRL). Peoria, 
HI. 61640, under the accession number NRRL B-18039, is 
presented in FIG. 12 of the accompanying drawings. Plas- 
mid pSV2hyg was digested with restriction enzyme BamHI, 
and the -2.5 kb BamHI restriction fragment, which com- 
prises the entire hygromycin resistance-conferring gene, was 
isolated, treated with KLenow enzyme (the large fragment 
produced upon subtilisin cleavage of E, coli DNApolymcr- 
ass I), and then ligated to the Klenow-treated, --5.82 kb 
Ndel-StuI restriction fragment of plasmid pLPC to yield 
plasmids pLPChygl and pLPChyg2. Plasmids pLPChygl 
and pLPChyg2 differ only with respect to the orientation of 
the hygromycin resistance-conferring fragment A restric- 
tion site and function map of plasmid pLPChygl is pre- 
sented in FIG. 13 of the accompanying drawings, and the 
construction protocol for plasmids pLPChygl and 
pLPChyg2 is described in ExaII^)le 9, 

Plasmids pLPChygl and pLPChyg2 can be readily modi- 
fied to contain the BK virus genome. As stated above, 
expression of BK T-antigen in a host cell containing a 
plasmid contusing the BKT-antigen binding sites inaeases 
the copy number of the plasmid. If the plasmid also com- 
prises a selectable marker, selection after T-antigen stimu- 
lated replication Will result in integration of more copies of 
the plasmid into the host's genomic DNA than would occur 
in the absence of T-antigen stimulated replication. Plasmids 
pLPChygl and pLPChyg2 each comprise two EcoRI sites, 
one in the HmR gene and the other in &e pBR322-derived 
sequences of the plasmid. Flasnud pLPChygl was partially 
digested with EcoRI to obtain cleavage only at the pBR322- 
derived EooRI site and then ligated with EcoRI-digested BK 
virus DNA to yield plasmids pLPChTl and pLPChT2, 
which differ only with respect to the orientation of the BK 
virus DNA Plasmids pLPChTl and pLPChT2 arc useful 
derivatives of plasmid pLPChygl (and analogous construc- 
tions can be made using plasmid pLPChyg2 as starting 
material instead of pLPChygl) for purposes of integrating 
hi^ nunibers of copies of a protein C expression vector into 
the genome of a eukaryotic host celL 
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Human protein C expression plasirtids similar to plasmids 
pLPChygl and pLPChyg2 containing the dihydrofolate 
reductase (dhfr) gene were constructed by inserting the dh£r 
gene-containing, Klenow-treated -1.9 kb BamHI restriction 
fragment of pUsmid pBW32 into the -5.82 kb Ndd-StuI 
restriction fragment of plasmid pLPC. The resulting 
plasmids, designated as pLPCdhfrl and pLPCdh&2, differ 
only with respect to the orientation of the dhfr gene. The 
construction of these plasmids is descnbed in Example IIB. 

Flasmid pLPGiygl was further modified to introduce a 
dihydrofolate reductase (dhfr) gene. The dhfr gene is a 
selectable noarker in dhfr-negative cells and can be used to . 
increase the copy number of a DNA segment by exposing 
the host cell to increasing levels of methotrexate. The dhfr 
gene can be obtained from plasmid pBW32, a plasmid 
disclosed and claimed in U.S. patent application Sex. No. 
769^98, filed Aug. 26, 1985, and incorporated herein by 
reference. A restriction site and function map of plasmid 
pBW32 is presented in FIG. 14 of the accon^anying draw- 
ings. The construction protocol for plasmid pBW32 is 
described in Example 10. 

The dhfr gene-containing, -1.9 kb BamHI restriction 
fragment of plasmid pBW32 was isolated, treated with 
Klenow enzyme, and inserted into partially-EcoRI-digested 
plasmid pLPChygl to yield plasmids pLPChdl and 
pLPChd2. Plasmid pLPChygl contains two EcoRI restric- 
tion enzyme recognition sites, one in the hygromycin 
resistance-conferring gene and one in the plasmid piBR322- 
derived sequences. The fragment comprising the dhfr gene 
was inserted into the EcoRI site located in the pBR322- 
derived sequences of plasmid pLPChygl to yield plasmids 
pLPChdl and pLPChd2. A restriction site and function map 
of plasmid pLPChdl is presented in FIG. 15 of the accom- 
panying drawings. The construction of plasmids pIPChdl 
and pLPChd2, which differ only with respect to the orien- 
Ution of the dhfr gene-containing DNA segment, is 
described in Example 11. 

Plasmid pLPChdl was modified to form plasmid phd, a 
plasmid that contains both the present BK enhancer- 
adenovirus late promoter cassette and also the hygromycin . 
resistance-conferring and dhfr genes. To construct plasmid 
phd, plasmid pLPChdl was prepared from dam" coU host 
cells, digested with restriction enzyme Bell, and 
rectrcularized, thus deleting the human protein C-encoding 
DNA. Plasmid phd contains a single Bell restriction enzyme 
recognition site, which is conveniently positioned for the 
insertion of any sequence desired to be expressed from the 
BK enhancer-adenovirus late promoter of the present inven- 
tion. A restriction site and function vazp of plasmid phd is 
presented in FIG. 16 of the accompanying drawings, and the 
coiLStruction protocol for plasmid phd is described in 
Example 12. 

Another expression vector that further exemplifies the 
jH-esent invention and drives expression of human protein C 
is plasmid pLPCBlA. Plasmid pLPCElA contains the ElA 
gene of human adenovirus type 2, the gene product of which, 
as described above, increases the activity of the BK 
enhancer. Thus, transcription from a promoter in tandem 
with the BK enhancer increases in the presence of the ElA 
gene product Plasmid pLPCElA was constructed by ligat- ■ 
ing the ElA gene-containing, -1.8 kb Ball restriction frag- 
ment of human adcnoviTus-type-2 DNA with the -5.82 kb 
Ndel-StuI restriction fragment of plasmid pLPC. A restric- 
tion site and function map of plasmid pLPCEl A is presented 
in FIG. 17 of the accomi)anying drawings, and the construe- • 
tion protocol for plasmid pLPCElAis described in Example 
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A variety of expression vectors of the present invention 
utilize the BK enhancer-adenovirus late promoter cassette to 
drive expression of tissue plasminogen activator (TPA) or 
modified TPA (MTPA). To construct such vectors, plasmid 
pBW32 (FIG. 14) was digested with restriction enzyme 
BamHI, and the resultant -5.6 ld> fragment was redrcular- 
izcd to yield plasmid pBW32del, Plasmid pBW32del, which 
encodes modified TPA and contains only one HindHI restric- 
tion site, was digested with Hindm and then ligated with the 
--0.65 kb Hindm restriction fragment of plasniidpBalScatto 
yield plasmid pBLT. Plasmid pBalScat comprises an 
Improved BK enhancer-adenovirus late promoter cassette 
and is described in Example 17. A restriction site and 
function of plasmid pBLT is presented in FIG. 18 of the 
accompanying drawings, and the construction protocol for 
plasmid pBLT is described in Example 14. 

Selectable markers were introduced into BamHI-digested 
plasmid pBIT, In one constraction, the hygromydn resis- 
tance gene-containing, -2.5 kb BamHI restriction fragment 
of plasmid pSV2hyg was inserted to yield plasmids 
pBLThygl andpBLThyg2, and in another construction, the 
dhfr gene-containing -1.9 kb BamHI restriction fragment of 
plasmid pBW32 was inserted to yield plasmids pBLTdhfrl 
and pBLTdhfr2. The four plasmids, pBLThygl, pBLThyg2, 
pBLTdhfrl, and pBLTdhfr2, differ only with respect to the 
type and/or orientation of the selectable marker. Arestriction 
site and function map of each of plasmids pBLThygl and 
pBLTdhfrl is respectively presented in FIGS. 19 and 20 of 
the accompanying drawings. The construction protocol for 
plasmids pBLThygl, pBLThyg2, pBLTdhfrl, and pBIX- 
dhfr2 is described in Example 15. 

Other expression vectors of the present invention that 
drive expression of TPA or modified TPA were derived from 
plasmid pTPA103, an intermediate used in the construction 
of plasmid pBW32. The construction protocol for plasmid 
pTPAlOS is described in Example 10, and a restriction site 
and function m^ of plasmid pTPAlOS is presented in FIG. 
14 of the accompanying drawings. To construct these 
derivatives, a BamHI restriction site was introduced imme- 
diately before the 5* end of the TPA coding region of plasmid 
pTPAlOS. Plasmid pTPAlOS was digested with restriction 
enzyme Hgal to isolate the -0.52 Idb Hgal restricUon frag- 
ment that comprises the 5* end of the TPA coding region. 
After Klcnow treatment, the Hgal fragment was ligated to 
BamHI linkers, digested with restriction enzyme BamHI, 
and inserted into BamHI-digested plasmid pBR322 to form 
plasmids pTPA601 and pTPA602. A restriction site and 
function map of plasmid pTPA602, which differs from 
plasmid pTPA601 only with respect to the aientation of the 
inserted BamHI restriction fragment, is presented in FIG. 21 
of the accompanying drawings. 

Next, plasmid pTPA602 was digested with restriction 
enzymes BglH and SaU, and the resultant -4.2 Isb Bglll-Sall 
restriction fragment was ligated to the -2.05 kb Sall-BglQ 
restriction fragment of plasmid pTPAlOS to form plasmid 
pTPA603. Plasmid pTPA603 thus contains the complete 
coding sequence for TPA bounded by a BamHI restriction 
site on both ends. A restriction site and function map of 
plasmid pTPA603 is presented in FIG. 22 of the accompa- 
nying drawings. To construct a plasnud that is analogous to 
plasmid pTPA603 but that encodes a modified form of TPA, 
plasmid pTPA603 was digested with restriction enzymes 
Bgm and SstI, and the resultant -5.02 kb BgJU-Ssa frag- 
ment was ligated to the -0.69 kb BglH-Sstl restriction 
fragrauent of plasmid pBLT. The resultant plasmid, desig- 
nated as pMrPA603, was then digested with restriction 
enzyme BamHI, and the resultant -1.35 kb fragment was 
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isolated. This fragment and the -1.90 kb BainHI restriction 
fragment of plasmid pTPA603 were individuaUy ligated in 
separate Hgations to BcU-digested plasmid phd (HG. 16) to 
form the respective plasmids phdMTPA and phdTPA. 
RestrictioD site and function maps of plasmids phcTTPA and 
phdMTPA are respectively presented in FIGS. 23 and 24 of 
tfae accompanying drawings. The construction of plasmids 
phdTPA and fAdMTPA, beginning with the construction 
protocol for plasmid pTPA602, is described in Example 16. 

The present invention conqmses a method for using the 
BK enhancer in tandem with a eukaryotic promoter to drive 
transcription and expression of DNA sequences in eukary- 
otic host cells that express an immediate-early gene of a 
large DNA virus. Skilled artisans will recognize that virtu- 
ally any eukaryotic promoter can be used in tandem with the 
BK enhancer in the present method. For example, the S V40 
cady and late promoters, BK early and late promoters, early 
and late promoters of any of the polyoma viruses or papova- 
Yiruses, herpes simplex virus thymidine kinase promoter, 
interferon al promoter, mouse metallothionein promoter! 
promoters of the retroviruses, P-globin promoter, promoters 
of the adenoviruses, sea urchin H2A promoter, conalbumin 
promoter, ovalbumin promoter, mouse P-globin promota, 
human p globin promoter, and die Rous sarcoma virus long 
terminal repeat promoter, can all serve as the eukaryotic 
promoter in the method of the present invention. Moreover, 
any sequence containing a transcription start site, con^osed 
of a 'TATA^-likc sequence with or without an upstream 
**CAAr sequence, can serve as the promoter in the present 
invention. Such promoters can be utilized in the present 
method by conventionally inserting the promoters into 
expression vectors con^rising the BK enhancer as cxem- 
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pMed herem using the adenoviius-2 late promoter, which Is 
the prefcxred eukaiyotic promoter for use in the present 
method. 

The BK enhancer used in the vectors herein that exem- 
plify the present invention was isolated from the prototype 
strain of BK virus (ATCC VR-837). However, a number of 
BK virus variants have been isolated and described. Gardner 
et al., 1971, The Lancet 1:1253, (see also Gardner. 1973, 
Brit. Med. J. 1:77-78) described the first isolation of a BK 
virus, and the Gardner strain is thus referred to as the 
prototype or wild-type BK virus. The Gardner strain of BK 
virus (FIG. 1) is available from the ATCC under the acces- 
sion number ATCC VR-837. In fact, when ATCC VR-837 
was obtained for use in constructing the vectors of the 
invention, it was observed that BK variants were present in 
the population of viruses. Others have observed this 
phenomenon, i.e., Chuke et al., 1986, J. Virology 60(3):960. 
Neither the method of using the BK enhancer in tandem with 
a cukaryotic promoter to drive expression of useful 
substances, such as nucleic acid and protein, in the presence 
of an Immediate-eariy gene product of a large DNA virus nor 
any other method of the present invention is limited to the 
Gardner straiQ or a particular BK variant, although the 
enhancer of the prototype strain is preferred. The following 
Table lists a representative number of BK variants that can 
be used in the methods of the present invention. In addition, 
a BK-like virus (simian agent 12) contains enhancer ele- 
ments homologous to the BK enhancer and can be used in 
the metiiods of the present invention. The enhancer elements 
of simian agent 12 are descrit>ed in Cunningham et al., 1985, 
J. Virol. 54:483-492 and, for purposes of the present 
invention, are BK enhancer variants. 

TABLE 1 



BK Variants 



Description 

Strain dc^gnaticn (relative to wild-type) RefexeiKe 



BVK(DUK) BKVpiIN) contains on --40 bp dele- 

tion at 0.7 in.u, just to the late 
coding side of the viral t^^^^n^j^ 
oote. 

BK(GS) and B^(MM) Hiese variants have numerous base 
differences that include rearrange- 
ments and diplicatiom in the con- 
txol zegion; some differences occur 
infitf 



BK(IL) Minor differences in restriction 

endonuclease pattens. 

BK(RF) and BK(MG) These variants are composed of 

two complementary defective mole- 
cules, both of wluch are required 
for in&ctxvity and diSer 
extensrvcfy in nucleotide 
sequence from prototype BK virus. 

pm522 ' Spontaneous mutation d^irin g 

propagation led to diffcreoces 
in host ran^ and txansfonnii^ 
potential, perhaps due to a 
deletion of two of the trhec 
enhannrr repeats and the presence 
of two sets of shorter 37 bp 
x^ats. 

tr530 Spontaneous mutation during 

tr 531 propagation of recombinant 

tr532 BK virus containing the pniS22 

enhancer region and having further 
duplicatbns of short segments 



ViraX Qncobgy, 1980 
(Raven Press, N.Y., ed. 
G. KlcinX pp. 48^540. 

Pater et aL, 1979, J. 
VffaL 32:220-225; 
Seifetal., 1979.CeU 
18:963-^7; 
Yang et aL, 1979, 
Nuc. Acids Res. 7:651-^; 
and Pater et aL, 1979, 
Virology 131:426^36. 
Pauw et al., 1978, 
Arch. ViraL 57:35-42. 
Pater et aL, 1980, J. 
ViroL 36:48CM87; 
Pater etal., 1981,1 
ViioL 39:968-972; 
Pater et aL, 1983, 
ViroL 131:426-436; 
Watanabe ct al., 1982, 
J. VIroL 42578-985; 
Watanabe et al., 1984, 
J. ViroL 51:1-^ 



Watanabe et al., 1984, 
J. VuoL 51:1-6. 
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5,681,932 



TABLE 1-contiiiued 





Descripdon 




Stntin destgnatioa 


(relative to wild-type) 


Reference 




oHginating from the pm522 aequence. 






Viable variant of BK yiroa iso- 


ChulCB et aU 1986, 




lated from a preparatbn of 


J. Virol. 60:96(W1. 




prototype (wt) BK vims contains 






an incomplete enhancer repeat 






and diqilication of sequences to 






the late side of the enhancer. 




BK virus-IR 


BK virus variant isolated from a 


Pagnani et ol.. 1986, 




hitT^faTi tumor containing insertions 


J. Virol. 59:500-505. 




and rearrangements in the enhancer 






legioa. Hiis virus has an altered 






traii5 formation phenoQi^. 





Skilled artisans will understand that a variety of eiikaiy- 
otic host cells can be used in the present method, so long as 
the host cell expresses an immediate-early gene product of 
a large DNA virus. Because the immediate-early gene prod- 
uct can be introduced into host cells by many means, such 
as transfcrmation with a plasmld or other vector, virtually 
any eukaryotic cell can be used in the present miethod. 
Human cells are preferred host cells in the method of the 
present invention, because human celLs are the natural host 
for BK virus and may contain cellular factors that serve to 
stimulate the BK enhancer. While human Mdncy cells are 
especially preferred as host cells, the adenovirus 
5-transf ormed human embryonic kidney cell line 293 , which 
expresses the ElA gene product, is most preferred and is 
available from the ATCC under the accession number ATCC 
C3a. 15753. 

The 293 cell line is preferred not only because 293 cells 
express the ElA gene product but also because of the ability 
of the 293 cells to y-carboxylate and otherwise properly 
process complex gene products such as protein C. 
**y-Caitoo^yl^*tion" refers to a reaction in which a carboxyl 
group is added to a glutamic add residue at the y-carbon, and 
a y-carboxylated protein is a protein in which some amino 
acid residues have undergone y-otboxylation. Kidney cells 
normally y-carboxylate and otherwise process certain 
proteins, but 293 cells are. transformed with adenovirus, 
which generally results in a loss of specialized functions. 
Consequently, the present invention also comprises an 
in:provement in the method for producing a protein that is 
naturally gamma carboxylated, propedy folded, and pro- 
cessed v^erein said protein is encoded in a recombinant 
DNA vector such that said protein is expressed when a 
eukaryotic host ceU containing said vector is cultured under 
suitable expression conditions, wherein the hnprovement 
comprises: (a) inserting said vectcs* into an adenovlrus- 
transfonned, human embryonic kidney ceU; and (b) cultur- 
ing said host cell of step a) under growth conditions and in 
media containing sufficient vitamin Kfor carboxylation. Hie 
293N3S derivative of the 293 cell line is also suitable for use 
in the present invention and is able to grow in suspension 
culture as described in Graham, 1987, J. Gen. Virol. 68:937. 

This method of producing a ^-carboxylated protein is not 
limited to adenovirus-transformed human embryonic kidney 
cells. Instead, the method of producing a Y^:arboxylated 
protein is broadly applicable to all adenovirus-transformed 
host cells. Those skilled in the art also recognize that the 
method can be practiced by first transforming a eukaryotic 
cell with an expression vcctOT for a y-carboxylatcd protein 
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and then transf onning the resulting transformant with aden- 
ovirus. Harold Ginsberg, in The Adenoviruses (1984, Ple- 
num Press, New York), describes a number of adenoviruses 
and methods of obtaining adcnovirus-transformedhost cells. 
One especially preferred adenovirus-transformed host cell 
for purposes of expressing a y-carboxylated protein encoded 
on a recombinant DNA expression vector is the Syrian 
hamster cell line AV12-664 (hereinafter AV12). The AV12 
cell line was constructed by injecting adenovirus type 12 
into the saufF of the neck of a Syrian hamster and isolating 
cells from the resulting tumor. The AV12 ceU line is a 
preferred host for purposes of producing a 7-carboxylated 
protein. Exan^les of Y^boxylated proteins include, but 
are not limited to, Factor VII, Factor K, Factor V, protein C, 
protein S, protein Z, and prothrombin. Example 19, below, 
illustrates the advantages of using an adenovirus- 
transformed host cell for expression of recombmant 
Y-carboxylated proteins. 

In addition to the increased ^ciency of 7-carboxylation 
of proteins, the present invention further provides methods 
for the production of molecules never before encountered in 
nature. The gene encoding human protein C is disclosed and 
claimed in Bang et al., U.S. PaL No. 4,775,624, issued Oct 
4, 19S8, the entire teaching of which is herein incorporated 
by reference. Human protein C is a glycoprotein which 
contains four potential sites for the addition of N-linked 
oUgosaccharides. These glycosylation sites occur at the 
asparagine residues found at positions 97, 248, 313 and 329 
of the human protein C molecule. The carbohydrate residues 
attached to human protein C specifically affect the fuDCtional 
activities (both anticoagulent and amidolytic) of the mol- 
ecule. Human protein C which is totaUy deglycosylated has 
no functional activity. The functional activity of recombi- 
nant human protein C from adeno-transformed Baby Ham- 
ster Kidney (BHK) cells is about 5-10% lower than frilly 
glycosylated human protein C derived from plasma. 
However, recombinant human protein C from 293 cells has 
a functional activity which is 30-40% greater than plasma- 
derived human protein C 

The differences in functional activities between plasma 
HPC, rHPC from BHK cells and rHPC from 293 cells are 
not due to any significant differences in the 
Y-caiboxyglutamate or ^hydroxyaspartate content of the 
molecules. While all three of the molecules appear to be 
fully Y-carboxylated, the rHPC fix>m 293 ceUs demonstrates 
much higher functional activity. The reason for the different 
activities lies in the glycosyl content of the separate mol- 
ecules as summarized in the following table. 
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TABLE 2 

moles sugar/mole of HPC 







iHPC- 


rHPC- 


Sugar 


PlasmzHFC 


293 cells 


BHK cells 


Focose (Fuc) 


03 


4.8 


4.0 


K>«cety]galactDS3unioB (GalNAc) 


0 


2.6 


0.62 


N-acetylglucosamine (QkNAc) 


13^: 


124 


16.8 


Galactofic (Gal) 


9.3 


6.0 


10.6 


Mannosc (Man) 


9.1 


8.5 


10.2 


N^KXtyliieunnuiuc 


10.2 


5.4 


10.9 



add (NeuAc) (Sialic acid) 



This glycosyl content data predicts that for plasma HPC 
and BHK-dcrived rHPC the oligosaccharides are prcdomi- 
oantly of N-linked complex triantennary structure. The 
glycosyl content for rHPC produced in 293 cells, however, 
predicts that most oligosaccharide chains are predominantly 
of the N-lihked complex biantennaiy structure. 
The N-acetylgalactose residues present in rHPC derived 
from 293 cells are totally in N-linked oligosaccharide struc- 
tures and not o-linked because they can be totally released 
by N-glycanose digestion. The total removal of sialic acid 
from HPC with neuraminidase resulted in a 50% increase in 
amidolytic activity and a 250-300% increase in anticoagu- 
lent activity, therefcre, as the sialic acid content of the 
molecule is lowered, the functional activity of the molecule 
is increased. 

However, the removal of sialic acid and the concomitant 
exposure of the galactose residue on the non-reducing end of 
oligosaccharides of glycoproteins results in general, in a 
tremendous increase in the clearance rate of the glycoprotein 
by the liver, therefore asialylated glycoproteins are not 
pharmaceutically preferred. In rHPC derived from 293 cells, 
the lowering of the sialic add content is matdied with a 
proportional lowering of the galactosyl content The ratio of 
galactose:sialic acid is the same in plasma FIPC, rHPC- 
BHK and rHPC-293 and is dose to 1:1 in all three mol- 
ecules. The data demonstrates that there are few or no 
galactosyl residues at the nonnredudng end of the oligosac- 
charides in the rHPC from 293 cells. This lower sialic add 
content in rHPC from 293 cells Is consistent with the 
interpretation of less brandling in the N-linked oligosaccha- 
rides. This novd structure results in a molecule with 
increased activity which should not have an increased rate of 
dearance from the blood. As the biosynthesis of digosac- 
chaildes on glycoproteins is In part regulated by the **machi- 
nary" of the cdls from which the glycoproteins are secreted, 
die methods of the present invention allow for the produc- 
tion of novel glycoproteih molecules from a wide variety of 
host cells. In particular, recombinjant human protein C 
produced in AV12 cdls also displays novd glycosylation 
patterns. 

The novd BK enhancer-eukaiyotic promoter construc- 
tions described in Example 17 were constructed using a 
method for improving the activity of the BK enhancer with 
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respect to a cukaiyotic promoten Such method conqirises 
placmg the BK enhancer within 0 to 300 nucleotides 
upstream of the 5* end of the CAAT region or CAi^ region 
equivalent of the cukaryotic promotcr used in tandem with 
the BK enhancez: Hie inrproved cassettes produced by this 
method comprise an important embodiment of the present 
invention. Use of the improved cassettes is not limited to 
host cells that express ElA or a similar gene product, 
although the preferred use does involve stimulation of the 
improved cassette by an inunediate- early gene product of a 
large DNA virus. 

Other viral gene products, such as the VA gene product of 
adenovirus, can be used to inaease the overall ef&dency of 
the present method for using the BK enhancer to promote 
transcription and expression of recombinant genes in 
cukaryotic host cells. The VA gene product inaeases the 
translation eflciency of mRNA molecules that contain the 
tripartite leader of adenovirus (Kaufman, 1985, FNAS, 
82:689-693, and Svensson and Akusjarul, 1985. EMBO, 
4:957-964). The vectors of the present invention can be 
readily modified to encode the entire tripartite leader of 
adenoviras; however, as demonstrated in Example 18, the 
present invention encompasses the use of the VA gene 
product to increase translation of a given mRNA that only 
contains the first part of the adenovirus tripartite leader. 

The sequence of the tripartite leader of adenovirus is 
depicted below: 

* First Part Second 

5*-ACUCUCUUCCGCAUCGCUGUCUGCGACkKjCX:AGCUGtmGGGCtJCGC^ 

Part mm 

GCGGUCUUUCCAGUACUCUUGGAUCGaAAACCCCUCCK3CX:UCCX>AACaUACUa:crc 

Part « 

UGAGCGAGUCCGCAUCQACCGGAUCGGAAAACCUCUCCAGAAAGGCGUaJAACCAGUCACAGUC^ 



a 



wherein A is riboadcnyl, G is riboquanyl, C is ribocytidyl, 
and U is uridyl As encoded in adenovirus DNA, the 
tripartite leader is interrupted by large introns. The presence 
of these introns or portions of the introns does not adversely 
affect expression levels. Plasmids p4-14 and p2-5 of the 
present invention contain the tripartite leader of adenovirus 
and aie described more fiilly in Example 20, below. 

Many of the illustrative vectors of the invention, such as 
plasmids pBLcat and pLPC, contain only the first part of the 
tripartite leader of adenovirus. As used herein, the 'lirst 
part" of the tripartite leader of adenovirus, when transcribed 
into mRNA, comprises at least the sequence: 

5'-ACUCUCUUCCGCAUCGCUGUCUGOGAGGGCCAa.3. 

Thus, the present invention comprises an improvement in 
the method for producing a useful substance in a eulcaryotic 
host cell that is transformed with a recombinant DNA vector 
that contains both a cukaryotic promoter and a DNA 
sequence that encodes said useful substance, said sequence 
being positioned for e:q>ression from said promoter, and 
wherein said cell containing said vector is cultured under 
conditions suitable for expression of said useful substance, 
wherein the improvement corrpises: 

(a) incorporating DNA that encodes the first part of the 
tripartite leader of an adenovirus into said vector such 
that, upon transcription, the mRNA produced encodes 
said useM product and, at the 5* end, contains said first 
part of the tripartite leadeir; 

(b) providing said cell containing the vector of step a) 
with a DNA sequence that codes for the expression of 
a VA gene product of said adenovirus; and 
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(c) caltncing add of step b) under co&didotu snitable 
for exptuslng nid VA gene produa ind for stimulating 
tnniUdoa of ssid nRKA, 
sabjea to the limitation that uM xnRNA docs not cootoin the 
entire tx^sttitc leader of aaid adenovirus. 

PUsmids coding for VA hxvc been oonatnifted from 
adenovirus DNA. Arestdction fragment of - 1 723 bp, de&ned 
by a Sail site (as nndcotfde 9833) and a Hlndlir iite (at 
nucleotide U556).wu isolated firomtdenovinu-2DKA and 
doned into Hlndni-Saa-digested pUsmid piBR322, tbuf 
replacing the 622 bp Sall-HindZir fragment of pBR322, to 
constnia plasmid pVA, A plasmid coding for aeomyda 
resistance and VA has been constructed by isolating a - 1 826 
bp Nhil fragment from pUsnld pVA and inserting that, 
fragment into Klenow-treated, BamHZ-dlgested plasmid 
pSVNco (available from BKL). The resultant plaszxsid, des- 
ignated py\*Neo, can be used to insert the VA gene into any 
cell line by sdecdon of neomycin (G418) resistance after 
CTBsfnrmiifnn. 

The VA gene product of adeaovinUy however, may exext 
its greatest positive effect on e xp r es sion of lecombinanc 
genes containing either the fnt part of the tripartite leader 
of adeaovtrus» or, the entire tripartite leader, in the fist few 
days foUowlog transfGcmation of the host cell with a 
VA-encbding vector Subsequent expression of the VA gene 
produa in the host cell after the tint few days may not give 
optimal expression levels. However; presence of the first 
part of the tripartite leader oa the expresslos veaor and 
restiiting message will lead to increased expression of the 
produa encoded by the mRKA, even in the absence of the 
VA gcae product. In compaxisoa to expre ssion vectors and 
mRNA molecules that lack the first pact of the tripartite 
leader 

The T antigen of SV40, BK virus, or any other polyoma- 
virus can also be used with the vectors of the present 
invention to increase promoter activity and/cr increase copy 
number of the plasmid by stimulating re|)licatioiL SV40 T 
andgen stimulates tnnsaa^don from both the adcoovirus 
and BK late promoters. By including T-antlgen-coding 
sequences on the expression vectors of the present Invention 
or by ootransfection of the vectors with a plasmid(s) carry- 
lag T-andgen-coding sequences, amplification of copy num- 
ber can be obtained pdor to, (ho application of selective 
jressure as out-lined in Etample 18. This will allow for high 
copy ntuiber incgratlon of die expression vcoor 

Thus, in the preferred embodiment of the present 
Invention, the recombinant DNA expression vector com- 
prises the BK enhancer of the prototype strain positioned 
less than 300 nucleotides upstream of the adenovirus late 
pronxoter, which itself is positioned to drive expression d a 
gene ihit encodes at least the first part of the tc^attite leads 
and a useful substance. This prefcoed vector Is used to 
trmnsf arm human embryonic Iddo^ 293 cells that have been 
modified, eidicr before or after transformation with the 
expression veaor; to atpress the VA gene produa of an 
adenovirus. For stable truuformanu* however, presence of 
the VA gene produa may not be desired. 

The present invention also concerns a method of ampli- 
fying genes in primate cells. DKA eneoding a directly 
selectable roariccr, the murine dihydrofolate reductase gene 
and a strucoual polypeptide is iotroduccd into prim a tr cells. 
Those cells which contain the directly sclccuble marker are 
then rdsolatcd and treated with progressively increasing 
amounts of methotrexate to aioplify the genes for dihydro- 
foUtc reductase and the soucmral polypeptide. Tliis method 
allows fcr a significant increase in the amount of the 
structural polypcpticie gene that can be in the cells. 
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Many gene products require extensive post-translated 
modification for functional activity. As some cell lines do 
not efficiently modify such gene products, it is advantageous 
to express these genes in those cell lines which can perform 
such modifications. Human protein C is one gene product 
which requires both gamma carboxylation and the removal 
of a propiece after the translation of the gene. These post- 
translational modifications occur most efficiently in primate 
cells, yet the genes encoding such gene products cannot be 
directly amplified in primate cells. 

The most common system for gene anq)lification employs 
the murine dihydrofolale reductase (dhfr) gene in dhfir 
deficient cell lines. Miydrofolate reductase reduces folic 
add to tetrahydrofolic add, which is involved in the syn- 
thesis of thymidylic add. Methotrexate binds to dihydro- 
folate reductase, (hereby preventing the biosynthesis of 
thymicfyUc add. Dihydrofolate reductase defident cells, 
therefore, cannot survive in an environment which does not 
contain thymidylic add, while the presence of methotrexate 
in the culture media requires a concomitant increase in the 
amount of non-bound dihydrofolate reductase for cell sur- 
vival. 

Primate ceUs, on the other hand, which are most effident 
in the post-translational modification of certain 
polypeptides, also contain a constitutive dhfr gene. The 
presence of the constitutive dhfir gene prevents the direct 
selection of transformants and amplifications of genes using 
methotrexate. The method of the present invention allows 
for the direct selection of transformants using a sq>arate 
sdectable marker, such as the hygromydn resistance- 
confening gene or the neomycin resistance-confeuing gene. 
Following this direct selection, the genes may then be 
an^lified by progressivdy increasing the level of methotr- 
exate in the culture media. Many cells which demonstrate an 
increased levd of dhfir gene copy number as wdl as any 
increase in the copy ntmiber of the structural pdypeptide 
gene. 

The method of gene amplification in primate cells is in no 
way dependent upon any given means for the introduction of 
the DNAinto the cells. Those skilled in the art recognize that 
DNA may be introduced into cells by electroporation, 
microinjection, transformation or transfection. Furthermore, 
. the DNA can either be linear or circular. The gene encoding 
a sdectable marker does not need to be an antibiotic 
resistance conferring gene. Skilled artisans understand that 
any means for direct selection may be utilized in the present 
invention. For exaii^le,'a gene encoding an antigenic deter- 
minant could be introduced into a cell line, and cells 
containing this determinant could be easily selected using 
immunological methods which are well known in the art 

The directly sdectable marker gene, the dhfr gene and the 
structural polypeptide gene do not need to be introduced into 
the cell on the same piece of DNA. For example, the directly 
sdectable marker may be transfected into the cdl on one 
plasmid, while the dhfr and structural polypq)tide genes 
may be transfected into the cdl on a sq)aratc plasmid. This 
occurs when the hygromydn resistance conferring gene is 
transfected into 293 cells via plasmid pLPGhyg, while the 
dhfr and human protein C genes are transfected into the 
same cells via plasmid pLPCdhfr. Altemativdy, the dhfr and 
human protein C genes can be introduced into plasmid 
pLPChyg-transfected 293 cells via plasmid p4-14. The 
neomycin-resistance conferring gene can be used in place of 
the hygromydn resistance-conferring gene, in which case- 
plasmid pSV2neo is introduced into the ceU line rather than 
plasmid pLPChd. In addition to co-transfection with differ- 
ent plasmids, the directly selectable naaiker gene, the dhfr 
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alcohol saturated with 100 mM Ttis-HQ, pH=7,8. The 
solution of BK virus DNAis then dialyzed against TE buffer 
until the 260 nin/280 nm absorbance ratio of the DNA is 
between 1.75 and 1.90. The DNA is precipitated by adjust- 
ing the NaQ concentration to 0.15M, adding two volumes of 
cthanol, incubating the solution at -70° C. for at least 2 
hours, and centrifiiging the solution at 12,000xg for 10 
minutes. The resulting pellet of BK virus DNA is suspended 
in TE buffer at a concentration of 1 mg/ml. 

EXAMPLE 2 

Construction of Plasmids pBKEl and pBK£2 

About one pg of the BK virus DNA prepared in Exanq)le 
1 in one pi of TE buffer was dissolved in 2 pi of lOx EcoRI 
buffer (l.OM Ttis-Ha pH=7.5; 0.5M NaQ; 50 mM MgQ^; 
and 1 mg/ml BSA) and 15 pi of H^O. About 2 pi (-^10 units; 
all enzyme units referred to herein, unless otherwise 
indicated, refer to the unit deiinitions of New England 
' Biolabs, 32 Tozer Road, Beverly, Mass. 01915-9990, 
although the actual source of the enzymes may have been 
different) of restriction enzyme EcoRI were added to the 
solution of DNA, and the resulting reaction was incubated at 
37** C. for two hours. 

About 1 pg of plasmid pUC8 (available from Pharmacia 
P-L Biochcmicals, 800 Centennial Ave., Piscataway, N.J. 
08854) in 1 pi of TE buffer was digested with EooRI in 
substantial accordance with the procedure used to prepare 
the EcoRI-digcsted BK virus DNA The EcoRI-digested 
plasmid pUC8 DNA was diluted to 100 pi in TE buffer; 
-0.06 units of calf-intestinal alkaline phosphatase were 
added to the solution, and the resulting reaction was incu- 
bated at 37° C. for 30 minutes. The solution was adjusted to 
contain Ix SET (5 mM IHs-HQ, p=7,8; 5 mM EDTA; and 
150 niM NaQ), 0.3M NaOAc, and 0.5% SDS and then 
incubated at 65^ C. for 45 minutes. The phosphatase treat- 
ment prevents the pUC8 DNA from self Hgating. 

The EcoRI-digested BK virus and plasmid pUC8 DNA 
were extracted first with buffered phenol and then with 
chloroform. The DNA was collected by adjusting the NaQ 
concentration of each DNA solution to 0.25M, adding two 
volumes of ethanol, incubating the resulting mixtures in a 
dry icc-ethanol bath for 5 minutes, and centrif uging to pellet 
the DNA. The supernatants were discarded, and the DNA 
pellets were rinsed with 70% ethanol, dried, and resus- 
pended in 10 pi and 30 pi of TE buffer for the BK and 
plasmid pUC8 sauries, respectively. 

About 3 pi of H2O and 1 pi of lOx ligase buffer (0.5M 
Tris-HCl, pH=7.8; 100 mM MgO^; 200 mM DTT; 10 mM 
ATP; and 0.5 mg/ml BSA) were added to a mbcture of 2 pi 
of the EcoRI-digested BK virus and 1 pi of the EcoRI- 
digested plasmid pUC8 DNA. One pi (-1000 units) of T4 
DNA ligase were added to the solution of DNA, and the 
resulting reaction was incubated at 16° C. overnight. The 
ligated DNA constituted the desired plasmids pBKEl and 
pBKE2, which differ only with respect to the orientation of 
the inserted BK virus DNA. A restriction site and function 
map of plasmid pBKEl is presented in FIG. 2 of the 
accompanying' drawings. 

A 50 ml culture of E. coll K12 JM103« available from 
Pharmacia P-L Biochemicals, in I^broth was grown to an 
optical density at 650 nanometers (O.D.ajo) of approxi- 
mately 0.4 absorbance units. The culture was chiUed on ice 
for ten minutes, and the cells were collected by centrifuga- 
tion. The cell pellet was resuspended in 25 ml of cold 100 
mM MgQj and incubated on ice for 25 minutes. The cells 
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were once again pelleted by centrifugation, and the pellet 
was resuspended in 2.5 ml of cold 100 mM CaO^ and 
incubated for 30 minutes on ice. After the incubation, the 
cells are competent for the uptake of transfonning DNA. 

Two hundred fd of this cell suspension were mixed with 
the ligated DNA prepared above and incubated on ice for 30 
minutes. At the end of this period, the cells were placed in 
a water bath at 42° C. for 2 minutes and then returned to the 
ice for an additional 10 minutes. The cells were collected by 
centrifugation and resuspended in one ml of L broth and 
incubated at 2T C. for 1 hour. 

Aliquots of the cell mixture were plated on I^agar (L 
broth with 15 grams of agar per liter) plates containing 100 
pg ampicniin/ml, 40 pg X-gal/ml, and 40 pg IFTG/ml. The 
plates were incubated at 37° C overnight Colonies that 
contain a plasmid without an insert, such as E, coU K12 
JM103ySpUC8, appear blue on these plates. Colonies that 
contain a plasmid with an insert, such as E, coU K12 
JM103/pBKEl, are white. Severid white colonies were 
selected and screened by restriction enzyme analysis of their 
plasmid DNA for the presence of the -5.2 kb EcoRI restric- 
tion fragment of BK virus. Plasmid DNA was obtained from 
the E, coU K12 mm/pBKEl and E, coli K12 JM103/ 
pBKE2 cells in substantial accordance with the procedure 
for isolating plasmid DNA that is described in the following 
Exan^le, although the procedure is done on a smaller scale, 
and the CsCl gradient steps are omitted, when the plasmid 
DNA is isolated only for restriction enzyme analysis. 

EXAMPLE3 

Construction of Flasmids pBKneol and pBKneo2 

K. coli K12 HBlOl/pdBPV-MMTneo ccUs are obtained in 
lyophil form from the American TVpc Culture Collection 
under the accession number ATCC 37224. The lyophilized 
ceils are plated on L-agar plates containing 100 pg/ml 
ampicillin and incubated at 37** C. to obtain single colony 
isolates. 

One liter of L broth (10 g tryptone, 10 g Nad, and 5 g 
yeast extract per litcx) containing 50 |ig/ml ampidllin was 
inoculated with a colony of E, coU K12 HB101^>dBFV- 
MMTneo and incubated in an air-shaker at 37*^ C. until the 
O.D.jgo was -1 abscrbance unit, at which time 150 mg of 
chloranq)henicol were added to the culture. The incubation 
was continued for about 16 hours; the chloran^henicol 
addition inhibits protein synthesis, and thus inhibits fiir^cr 
cell division, but allows plasmid replication to continue: 

The culture was centtifuged in a Sorvall GSA rotor 
(DuPont Co., Instrument Products, Biomedical Division, 
Newtown, Conn. 06470) at 6000 rpm for 5 minutes at 4° C. 
The resulting supernatant was discarded, and the cell pellet 
was washed in 40 ml of TES buffer (10 mM Triis-HCl, 
pH=7.5; 10 mM NaQ; and 1 mM EDTA) and then repel- 
leted. The supernatant was discarded, and the cell pellet was 
frozen in a dry ice-ethanol bath and then thawed. The thawed 
cell pellet was resuspended in 10 ml of a solution of 25% 
sucrose and 50 mM BDXA. About 1 ml of a 5 mg^ 
lysozyme solution; 3 ml of 0.25M EDTA, pH=8.0; and 100 
yi of 10 mg/ml RNAse A were added to the solution, which 
was then incubated on ice for 15 minutes. Three ml of lysing 
solution (prepared by mixing 3 ml 10% IWton-X 100; 75 ml 
0,25M EDTA, pH=8.0; 15 ml of lMTris-HCl,pH=8.0; and 
7 ml of water) were added to the lysozyme-treated cells, 
mixed, and the resulting solution incubated on ice for 
another 15 minutes. The lysed cells were frozen in a dry 
ice-ethanol bath and then thawed. 

The cellular debris was removed from the solution by 
centrifugation at 25,000 rpm for 40 minutes in an SW27 
rotor (Beckman, 7360 N. Lincoln Ave., Lincolnwood, HI. 
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60646) and by extraction with bufifcred phenol. About 30.44 
g of CsQ and -1 ml of a 5 mg/ml ethidium bromide solution 
were added to the cell extract, and then, the volume of the 
solution was adjusted to 40 ml with TES buffer. The solution 
was decanted into a VTi50 ultra-centcifiige tube (Beckman), 
whidi was then sealed and centrifuged in & VTi50 rotor at 
42,000 ipm for -16 hours. The resulting plasmid band, 
visualized with ultraviolet light, was isolated and then 
placed in a 1175 tube and rotor (Beckman) and centdfuged 
at 50,000 ipm for 16 hours. Any necessary volume adjust- 
ments were made using TES containing 0.761 g/xal CsCL 
The plasmid band was again isolated, extracted with salt- 
saturated isq>ropanol to remove the ethidium bromide, and 
diluted 1:3 with TES buffer. Two volumes of cthanol were 
then added to the solution, which was then incubated over- 
night at -20** C. The plasmid DNA was pelleted by centri- 
fuging the solution in an SS34 rotor (Sorvall) for 15 minutes 
at 10,000 ipm. 

The \il mg of plasmid pdBPV-MMTneo DNA obtained by 
this procedure was suspended in 1 ml of TE buffer and stored 
at -20° C The foregoing plasmid isolation procedure is 
generally used when large amounts of very pure plasmid 
DNA are desired. The procedure can be modified to rapidly 
obtain a smaller, less pure amount of DNA, such as is heeded 
when screening transfoimants for the presence of a given 
plasmid, by using only about 5 ml of cultured cells, lysing 
the cells in an appropriately scaled-down amount of lysis 
buffer, and replacing the centrifugation steps with phenol 
and chloroform extractions. 

About 5 |ig (5 Ml) of the plasmid pdBPV-MMTneo DNA 
prepared above and five jig (5 jU) of the BK virus DNA 
prepared in Example 1 were each digested at 37° C. for 2 
hours in a solution containing 2 pi of lOx BamHI buffer 
(1.5M NaQ; 60 mM Tris-HQ, pH=7.9; 60 mM Mgd^; and 
1 mg/ml BSA), 1 pi of restriction enzyme BamHI, and 7 pi 
of H^O. The reaction was stopped by an extraction with an 
equal volume of phenol, followed by two extractions, with 
chloroform. Each BamHI-digested DNA was then 
precipitated, collected by centrifugation, and resuspended in 
5 pi of HjO. 

About 1 pi of lOx ligase buffer was added to a mixture of 
BamHI-digcstcd plasmid pdBPV-MMTneo (1 pi) and 
BamHI-digestcd BK virus DNA (1 pi). After 1 pi (-1000 
units) of T4 DNA ligase and 6 pi of HjO were added to the 
mixture of DNA, the resulting reaction was incubated at 16° 
C. overnight llie ligated DNA constituted the desired 
plasmids pBKneoI and pBKneo2, which differ only with 
respect to the orientation of the BK virus DNA. Arestriction 
site and'function map of plasmid pBKneol is presented in 
FIG. 3 of the accompanying drawings. 

E, call K12 HBlOl cells are available in lyophilized form 
from the Northern Regional Research Laboratory under the 
accession number NRRLB-15626. K coU K12 HBlOl cells 
were cultured, made competent for transformation, and 
transformed with the ligated DNA prepared above in sub- 
stantial accordance with the procedure of Example 2. The 
transformed cells were plated on L-agar plates containing 
100 pg/ml ampidlUn. £. coU K12 HBlOl/pBKneol and E. 
coU K12/piBKneo2 transfonnants were identified by their 
ampicillin-resLStant phenotype and by restriction enzyme 
analysis of their plasmid DNA. 

EXAMPLE4 

Construction of Flasmid pBLcat 

A Constmcdon of Intermediate Plasmid pLPcat 
The virion DNA of adenovirus 2 (Ad2) is a double- 
stranded linear molecule about 35.94 kb in size. The Ad2 
late promoter can be isolated on an -0.316 kb Acd-PvuH 
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segment of gel containing the -032 Idb Acd-Pvull restric- 
tion fragment is cut from the gel, crashed, and soaked 
overnight at room temperature in -250 fil of extraction 
buffer (500 mM NH^OAc; 10 mM MgOAc; 1 mM EDTA; 
and 0,1% SDS). The following morning, the mixture is 
centrifugcd, and the pellet is discarded. The DNA in the 
supernatant is precipitated with ethanol; about 2 pg of tRNA 
are added to ensure complete precipitation of the desired 
fragment About 02 \ig of the -0.32 kb Acd-PvuII restric- 
tion fragment are obtained and suspended in 7 pi of HjO. 

About 0.25 pg (in 0,5 fil) officii linkers (5'-CrGArCAG- 
3', available from New England Biolabs), which had been 
kinased in substantial accordance with the procedure 
described in Example lOA, below, was added to the solution 
of the -0.32 kbAcd-Pvun restriction fragment, and then, 1 
Ml (-1000 units) of T4 DNA ligasc and 1 pi of lOx ligase 
buffer were added to the solution of DNA, and the resulting 
reaction was incubated at 16° C. overnight The Bdl linkers 
could only ligate to the PvuII end of the Acd-PvuII restric- 
tion fragment DNA sequencing later revealed that four Bdl 
linkers attached to the PvuII end of the Acd-PviiII restric- 
tion fragment These extra Bell linkers can be removed by 
BcH digestion and rcligation ; however, the extra Bell linkers 
were not removed as the linkers do not interfere with the 
proper functioning of the vectors that comprise the extra 
linkers. 

E. coli K12 HB101^SV2cat cdls are obtained in lyo- 
philized form from the ATCC under the accession number 
ATCC 37155, and plasmid pSV2cat DNA was isolated from 
the cells in substantial accordance with the procedure of 
Example 3. A restriction site and function map of plasmid 
pSV2cat is presented in FIG. 4 of the accompanying draw- 
ings. About i mg of plasmid pSV2cat DNA is obtained and 
dissolved in 1 ml of HE buffer: About 3 jig (3 jjI) of the 
plasmid pSV2cat DNA were added to 2 pi of lOx Acd buffer 
and 16 pi of HjO, and then, 3 pi (about 9 units) of restriction 
enzyme Acd were added to the solution of pSV2cat DNA, 
and the resulting reaction was incubated at 37** C f or 2 
hours. The Acd-digested plasmid pSV2cat DNA was then 
digested with restriction enzyme StuI by adding 3 pi of lOx 
StuI buffer (1.0M NaQ; 100 mM Tris-HO, pH=8.0; 100 
mM MgClj; 60 mM DTT, and 1 mg/ml BSA), 5 pi of H2O; 
and about 2 pi (about 10 units) of restriction enzyme StuL 
The resulting reaction was incubated at 37* C. for 2 hours. 
The reaction was terminated by extracting the reaction 
mixture once with phenol, then twice with diloroform. 
About 0.5 pg of the desired fragment was obtained and 
dissolved in 20 pi. of TE buffer. 

About 4 pi of the Acd-StuI-digested plasmid pSV2cat 
DNA were mixed with about 7 pi of the --032 kb AccI-PvuII 
(with Bdl linkers attached) restriction fragment of Ad2, and 
after the addition of 3 pi of lOx ligasc buffer, 15 pi of HjO, 
and 2 pi (about 1000 units) of T4 DNA ligasc, the ligation 
reaction was incubated at 16** C overnight. The ligated DNA 
constituted the desired plasmid pLPcat, a plasmid that 
comprises the Ad2 late promoter positioned so as to drive 
transcription, and thus expression, of the chloran^henicol 
acetyltransferase gene. A restriction site and function map of 
plasmid pUPcat is presented in FIG. 5 of the accompanying 
drawings. 

The ligated DNA was used to transform E, coli K12 
HBlOl cells in substantial accordance with the procedure of 
Example 3. The transformed cells were plated on L agar 
containing 50 pg/ml ampiciUin; restriction enzyme analysis 
of plasmid DNA was used to identify the E. coli K12 
HB101/pU?cat transformants. Plasmid pLPcat DNA was 
isolated from the transformants for use in subsequent con- 



27 

structions in substantial accordance with the plasmid isola- 
tion procedure descnbed in Bxan^ile 3. 

B. Final Construction of Plasmid pBLcat 

About 88 \ig of plasmid pBKneol DNA in 50 nl ofHE - 
buffer were added to 7.5 jil of lOx Acd buffer, 30 pi of H^O, 
and 15 |il (about 75 units) of restriction enzyme Acd, and 
the resulting reaction was incubated at 37° C. for 2 hours. 
The Acd-digested BK viius DNA was loaded on an agarose 
gel, and the -1.4 id) fragment that contains the BK enhancer 
was separated from the other digestion products. The -1.4 
kb AccI restriction fragment was then isolated in substantial 
accordance with the procedure described in Example 4A 
About 5 pg of the fragment were resuspended la 5 pi of lOx 
PvuH buffer, 45 pi of Hp, and 5 pi (about 25 units) of 
restriction enzyme PvuII, and the resulting reaction was 
incubated at 37** C for 2 hours. The PvuH-digested DNA 
was then isolated and prepared for ligation in substantial 
accordance with the procedure of Example 4A About 2 pg 
of the desired -1.28 kb Acqd-PvuH fragment were obtained 
and dissolved in 5 pi of TE buffer. 

About 1 pg of plasmid pLPcat DNA was dissolved in 5 pi 
of lOx AccI buffer and 40 pi of HjO. About 5 pi (-25 units) 
of restriction enzyme Acd were added to the solution of 
plasmid pLPcat DNA, and the resulting reaction was incu- 
bated at 37* C The Acd-digested plasmid pLPcat DNA was 
precipitated with ethanol and resuspended in 5 pi of lOx StuI 
buffer, 40 pi of H2O, and 5 pi (about 25 units) of restriction 
enzyme Stul, and the resulting reaction was incubated at 37° 

C. for 2 hours. The Acd-StuI-digested plasmid pLPcat DNA 
was predpitated with ethanol several times to purify the 
-4.81 kb Acd-StuI restriction fragment that coic^rises the 
E, coli origin of replication and Ad2 late promoter away 
from the other digestion product, a restriction fragment 
about 16 bp in size. About 1 pg of the desired -4.81 kb 
restriction fragment was obtained and dissolved in 20 pi of 
TE buffer. 

The 5 pi of -4.81 kb Acd-StuI restriction fragment of 
plasmid pLPcat were added to 5 pd of -1.28 kb Acd-PvuII 
restriction fragment of BK virus. After the addition of 3 pi 
of lOx ligase buffer, 15 pi of H^O, and 2 pi (about 1000 
units) of T4 DNA ligase to the mixture of DNA, the resulting 
ligation reaction was incubated at 16° C. overnight The 
ligated DNA constituted the desired plasmid pBLcat. A 
restriction site and function map of plasmid pBLcat is 
presented in FIG. 6 of the accompanying drawings. 

The ligated DNA was used to transform E* coli K12 
HBlOl cells in substantial accordance with the procedure 
described in Example 3. E. coU K12 HBlOl^pBLcat trans- 
formants were identified by restriction enzyme analysis of 
their plasmid DNA Plasmid pBLcat DNA was prepared for 
use in subsequent constructions in substantial accordance 
with the procedure of Exanq}le 3. 

' EXAMPLES 

Construction of Plasmid pSBLcat 

About 100 pg of plasmid pBLcat DNA were dissolved in 
10 pi of lOx Hindm buffer (0.5M NaQ; O.IM THs-HQ, 
pH=8.0; 0.1M MgQi; and 1 mg/ml BSA) and 80 pi of H2O. 
About 10 pi (about 100 units) of restriction enzyme Hindm 
were added to the solution of plasmid pBLcat DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. The 
HindlH-digested plasmid pBLcat DNA was loaded onto an 
agarose gd and electrophorcsed until the -0.87 kb HindTTT 
restriction fragment that courses the BK enhancer and 
Ad2 late promota was well separated from the other diges- 
tion products; then, tiic -0.87 kb fragment was isolated and 
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prq}ared for ligation in substantial accordance with the 
procedure of Example 4A. About 10 \ig of the desired 
fragment were obtained and dissolved in 50 |il of TE buffer. 

About 1 |ig of plasmidpSV2cat DNAin 1 \d of TIE buffer 
was dissolved in 2 ^1 of lOx HindlH buffer and 16 pi of H^O. 
About 1 pi (about 10 units) of restriction enzyme HindlH 
was added to the solution of DNA, and the resulting reaction 
was incubated at 37° C. for 2 hours. The reaction was 
stopped by extracting the reaction mixture first with phenol, 
then twice with chloroform. The HindHI-digestcd plasmid 
pSV2cat DNA was precipitated with ethanol and rcsus- 
pended in 100 pi of IE buffer. The Hindm-digested plasmid 
pSV2cat DNA was treated with calf-intestinal alkaline phos- 
phatase in substantial accco^lance with the procedure of 
Exan^)le 2 and then resuspended in 10 pi of TE buffer. 

About 5 pi of tfie -0.87 kb HindHI restriction ftagment of 
plasmid pBLcat were added to the 10 pi of HindHI-digested 
plasmid pSV2cat, dhd then, 3 pi of lOx ligase buffer, 2 pi 
(about 1000 units) of T4 DNAligase, and 13 pi of HjO were 
added to the solution of DNA, and the resulting reaction was 
incubated at 16° C. for 2 hours. The ligated DNA constituted 
the desired plasmid pSBLcat The ligated DNA was used to 
transform coli K12 HBlOl in substantial accordance with 
the .procedure of Example 3. The transformed cells were 
plated on L agar containing ampidllin, and the plasmid 
DNA of the an^idllin-resistant transformants was exam- 
ined by restriction enzyme analysis to identify the E, coU 
K12 HBlOl/pSBLcat transformants. The --0.87 kb HindlH 
restriction fragment that encodes the BK enhancer and Ad2 
late promoter could insert into HindlH-digested plasmid 
pSBLcat in one of two orientations, only one of which yields 
plasmid pSBLcat A restriction site and function map of 
plasmid pSBLcat is presented in HG. 8 of the accon^anying 
drawings. 

EXAMP1JB6 

Construction of Plasmid pL133 
A. Construction of Intermediate Plasmid pSV2-HPC8 
Plasmid pHC7 courses a DNA sequence that encodes 
human protein C. One Hter-of L-broth containing 15 pg/ml 
tetracycline was inoculated with a culture of £. coli K12 
RRl/pHC7 (NRRLB-15926), and plasmid pHC7 DNA was . 
isolated and purified in substantial accordance with the 
procedure of Example 3. About 1 mg of plasmid pHC7 DNA 
was obtained by this procedure, suspended in 1 ml of TE 
buffer, and stared at -20° Ci A restriction site and functioii 
of plasmid pHC7 is presented in FIG. 9 of the accom- 
panying drawings. 

Fifty pi of the plasmid pHC7 DNA were mixed with 5 pi 
(-50 units) of restriction enzyme BanI, 10 pi of lOx BanI 
reaction buffer (1.5M NaQ; 60 mM Tris-HO, pH=:7.9; 60 
mM MgQj; and 1 mg/ml BSA), and 35 pi of H2O and 
incubated until the digestion was complete. The Banl- 
digested plasmid pHC7 DNA was then electrophoresed on a 
3.5% polyacrylamide gel (29:1, acrylamide:bisacrylamide), 
until the -1.25 kb BanI restriction fragment was separated 
from the other digestion products. 

The region of the gel containing the -1.25 kb BanI 
restriction fragment was cut from the gel, placed in a test 
tube, and broken into small fragments. One ml of extraction 
buffer (500 mM NH4OAC, 10 mM MgOAc, 1 mM EDTA, 
1% SDS, and 10 mgtol tRNA) was added to the tube 
containing the fragments, and the tube was placed at 37° C. 
overnight Centrifiigation was used to pellet the debris, and 
the supernatant was-transferred to a new tube. The debris 
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was washed once with 200 |il of extraction buffer, the wash 
supernatant was conibined with the iirst supernatant from 
the overnight extraction. After passing the supernatant 
through a plug of glass wool, two volumes of ethanol were 
added to and mixed with the supernatant The resulting 
solution was placed in a dry ice-ethanol bath for -10 
minutes, and then, the DNA was pelleted by centdfiigation. 

Approximately 8 jig of the -1.25 kb Banl restriction 
fragment were obtained by this procedure. The purified 
fragment was suspended in 10 pi of TE buffer and stored at 
-20** C The Banl restriction fragment had to be modified by 
the addition of a linker to construct plasmid pSV2-HPC8. 
Hie DNA fragments used in the construction of the linker 
WCTc synthesized either by using a Systec 1450A DNA 
Synthesizer (Systec Inc., 3816 Chandler Drive, 
Minneapolis, Minn.) or an ABS 380A DNA Synthesizer 
(Applied Biosystems, Inc., 850 Lincoln Centre Drive, Foster 
Gty, Calif. 94404). Many DNA synthesizing instruments are 
known in the art and can be used to make the fragments. In 
addition, the fragments can also be conventionally prepared 
in substantial accordance with the procedures of Itakura et 
aL, 1977,Sciencc, 198:1056 and Creaetal, 1978, Eroc. Nat 
Acad. ScLU-SA., 75:5765. 

Five hundred picomoles of each single strand of the lioker 
were Mnased in 20 pi of reaction buffer, which contained 15 
units (-0.5 pi) T4 polynucleotide kinase, 2 pi lOx ligase 
buffer, 10 pi of 500 pM ATP, and 7.5 pi of H2O. The kinase 
reaction was incubated at 37° C for 30 minutes, and the 
reaction was terminated by incubation at 100** C. for 10 
minutes. In order to ensure complete kination, the reaction 
was chilled on ice, 2 pi of 0.2M dithiothreitol, 2.5 pi of 5 
mM ATP, and 15 units of T4 polynucleotide kinase were 
added to the reaction mixture and mixed, and the reaction 
mixture was incubated another 30 minutes at 37** C. The 
reaction was stopped by another 10 minute incubation at 
100^ C. and then chilled on ice. 

Although kinased separately, the two single strands of the 
DNA linker were mixed together after the kinase reaction. 
To anneal the strands, the kinase reaction mixture was 
incubated at 100° C. for 10 minutes in a water bath con- 
taining -150 ml of water. After this incubation, the water 
bath was. shut off and allowed to cool to room temperature, 
a process taking about 3 hours. The water bath, stiU con- 
taining the tubc,of kinased DNA, was tiien incubated at 4° 
C. overnight. This process annealed the single strands. The 
linker constructed had the following structure: 

3VAGCnTGATCAO-y 

nil I 111 

3'-AACTAGTCCACG-3' 

TTie linker was stored at -20° C until use. 

The -8 pg of -1.25 kb Bahl fragment were added to and 
mixed with the -50 pi oflinkcr (-500 picomoles), 1 plofT4 
DNA Ugase (-500 units), 10 pi of lOx ligase buffer, and 29 
pi of H2O, and the resulting ligation reaction was incubated 
at 4° C overnight The ligation reaction was stopped by a 10 
minute incubation at 65° C The DNA was pelleted by 
adding NaOAc to a final concentration of 03M, adding 2 
volumes of ethatiol, chilUng in a dry ice-ethanol bath, and 
then centrifuging the solution. 

The DNA pellet was dissolved in 10 pi of lOx Apal 
reaction buffer (60 mM NaQ; 60 mM Tris-HQ, pH=7.4; 60 
mM MgCIj; and 60 mM 2-mercaptoethanol), 5 pi (-50 
units) of restriction enzyme Apal, and 85 pi of HjO, and the 
reaction was placed at 37° C. for two hours. The reaction 
was then stopped and tiie DNA pelleted as above. The DNA 
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pellet was dissolved in 10 }il of lOx Hindd reaction buffer, 
5 ^1 (-50 units) of restriction enzyme TTindTTT^ and 85 ^1 of 
HjO, and the reaction was placed at 37" C. for two hours. 
After the Hindm digestion, the reaction mixture was loaded 
onto a 3.5% polyacrylamide gel, and the desired -1.23 kb 
Hindm-Apal restriction fragment was isolated in substantial 
accordance with the procedure described in Example 4A. 
Approximately 5 pg of the desired fragment weie obtained, 
suspended in 10 pi of TE buffer, and stored at -20* C 

Fifty pl of plasmidpHC? DNAwere mixed with 5 pi (-50 
units) of restriction enzyme PstI, 10 pi of lOx PstI reaction 
buffer (l.OM NaQ; 100 mM Tiis-HQ, pH=7.5; 100 mM 
MgQa; and 1 rngfrai BSA), and 35 pi of H^O and incubated 
at 37° C. for two hours. The Pstl-digested plasmid pHC7 
DNA was then electrophoresed on a 3.5% polyaoylamide 
gel» and the desired -0.88 kb fragment was puriffed in 
substantial accordance with the procedure descried above. 
Approximately 5 pg of the desired fragment were obtained, 
suspended in 10 pi of TE buffer, and stored at -20** C. 

The -5 pg of -0.88 kb PstI fragment were added to and 
mixed wiii -50 pi of the following linker, which was 
constructed on an automated DNA synthesizer: 

5'-GTGATCAA-3* 

llllltll 

3'^CGTCACTAGTTCTAG-5* 

About 1 pi of T4 DNA ligase (-10 units), 10 pi lOx ligase 
buffer, and 29 pi E2O were added to the mixture of DNA, 
and the. resulting ligation reaction was incubated at 4^ C. 
overnight. 

The ligation reaction was stopped by a 10 minute incu- 
bation at 65* C. After precipiUtion of the ligated DNA, the 
DNA pellet was dissolved in 10 pi of lOx Apal reaction 
buffer, 5 pi (-50 units) of restriction enzyme ApaL and 85 pi 
of H2O, and the reaction was placed at 37* for two hours. 
The reaction was then stopped and the DNA pelleted once 
again. The DNA pdlct Vfas dissolved in 10 pi lOx Bg^I 
reaction buffer (IM NaCl; 100 mM Tris-HO, pH=7.4; 100 
mM MgO^; 100 mM 2-mercaptoethanol; and 1 mg/ml 
BSA), 5 pi (-50 units) of restriction enzyme BgUI, and 85 
pi H2O, and the reaction was placed at 37* C. for two hours. 
After the Bgin digestion, the reaction mixture was loaded 
onto a 3.5% polyacrylamide gel, and the desired -0.19 kb 
Apal-BgUI restriction fragment was isolated in substantial 
accordance with the procedure described above. Approxi- 
mately 1 pg of the desired fragment was obtained, suspended 
in 10 pi of TE buffer, and stored at -20* C 

ApiH:aximately 10 pg of plasmid pSV2gpt DNA (ATCC 
37145) were dissolved in 10 pi of lOx HindHI reaction 
buffer, 5 pi (-50 units) of restriction enzyme HindHI, and 85 
pi of H2O, and the reaction was placed at 37* C. for 2 hours. 
The reaction mixture was then made 0.25M in NaOAc, and 
after the addition of two volumes of ethanol and incubation 
in a dry ice-ethanol bath, the DNA was pelleted by centrifu- 
gation. The DNA pellet was dissolved in 10 pi of lOx BgUI 
buffer, 5 pi (-50 units) of restriction enzyme BglQ, and 85 
pi of HjO, and the reaction was placed at 37* C. for two 
hours. After the Bglll digestion, the reaction mixture was 
loaded oato a 1% agarose gel, and the fragments were 
separated by electrophoresis. The gd was stained with 
ethidium bromide and viewed under ultraviolet light, and the 
band containing the desired -5.1 kb Hindm-BglH fragment 
was cut from the gel and placed in dialysis tubing, and 
electrophoresis was continued until the DNA was out of the 
agarose. The buffer containing the DNA from the dialysis 
tubing was extracted with phenol and CHOa, and then, the 
DNA was precipitated. The pellet was resuspended in 10 pi 
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of TE buffer and constituted -5 jig of the desired -5.1 kb 
Hindm-BglH restriction fragment of plasmid pSV2gpt. 

Two pi of the -1.23 H) Hindlll-Apal restriction fragment, 
3 nl of the -0.19 kb Apal-Bgin fragment, and 2 pi of the 
-5.1 kb HindHI-BgUI fragment were mixed together and 
then incubated with 10 of lOx ligase buffer, 1 pi of T4 
DNA Ugasc (-500 units), and 82 pi of H^O at 16** C. 
overnight The ligatcd DNA constituted the desired plasmid 
pSV2-HPC8; a restriction site and function map of the 
plasmid is presented in FIG. 9 of the accompanying draw- 
ings. 

E. coli K12 RRl (NRRL B-15210) cells were made 
con^pctent for transformation in substantial accordance with 
the procedure described in Example 2. The ligated DNA 
prepared above was used to transfoim the cells, and aHquots 
of the transformation mix were plated on L-agar plates 
containing 100 pg/ml ampicillin. The plates were then 
incubated at 37** C. E. coU K12 RRl/pSV2-HPC8 transfor- 
mants were verified by restriction enzyme analysis of their 
plasmid DNA. 

B. Final Construction of Plasmid pL133 

Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi 
of lOx Hindm reaction buffer, 5 pi (-50 units) of restriction 
enzyme HindHI, and 85 pi of HjO, and the reaction was 
incubated at 37° C. for two hours. After the Hindm 
digestion, the DNA was precipitated, and the DNA pellet 
was dissolved in 10 pi lOx Sail reaction buffer (1.5M NaQ; 
60 mM Tris-HCl, pH=7.9; 60 mM UgQX^\ 60 mM 
2-mexcaptoethanol; and 1 mg/ml BSA), 5 pi (-50 units) of 
restriction enzyme Sail, and 85 pi of HjO. The resulting Sail 
reaction mixture was incubated for 2 hours at 37° C. The 
Hindm-Sall-digcstcd plasmid pSV2-HPC8 was loaded onto 
a 3.5% polyacrylamide gel and electrophoresed until the 
desired -^.29 kb HindHI-Sall restriction fragment was sepa- 
rated from the other reaction products. The desired fragment 
was isolated from the gel; about 2 pg of the fragment were 
obtained and suspended in 10 pi of T£ buffer. 

Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi 
of lOx Bgin reaction buffer, 5 pi (50 units) of restriction 
enzyme BgUI, and 85 pi of H^O, and the reaction was 
incubated at ZT C. for two hours. After the Bgin digestion, 
the DNA was precipitated, and the DNA pellet was dissolved 
in 10 pi of lOx SaH reaction buffer, 5 pi (-50 units) of 
restriction enzyme SalL and 85 pi of H^O. The resulting Sail 
reaction mixture was incubated for 2 hours at 37° C. The 
Sall-Bgin-digested plasmid pSV2-HPC8 was loaded onto a 
3.5% polyacrylamide. gel and electrophoresed until the 
desired -1.15 kb Sall-BglE restriction fragment was sepa- 
rated from the other reaction products. The -1.15 Sall- 
BgLQ restriction fragment was isolated from the gel; about 8 
pg of fragment were obtained and suspended in 10 pi of TE 
buffer. 

Approximately 10 pg of plasmid pSV2-^globin DNA 
(NkRL B-15928) were dissolved in 10 pi of lOx HindXH 
reaction buffer, 5 pi (-50 units) of restriction enzyme 
Hindm, and 85 pi of HjO, and the reaction was placed at 37** 

C. for 2 hours. The reaction mixture was then made 0.25M 
in NaOAc, and after the addition of two volumes of cthanol 
and incubation in a dry ice-etfianol bath, the DNA was 
pelleted by centrifugation. The Hindm-digestcd plasmid 
pSV2-P-globin was dissolved in 10 pi of lOx BgUI buffer, 
5 pi (-50 units) of restriction enzyme BglH, and 85 pi of 
H^O, and the reaction was placed at 37° C. for two hours. 
After the Bgm digestion, the reaction mature was loaded 
onto a 1% agarose gd, and the fragments were separated by 
electrophoresis. The desired -4.2 kb Hindm-Bgin restric- 
tion fragment was isolated from the gd; about 5 pg of the 
desired fragment were obtained and suspended in 10 pi of 
TE buffer. 
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Two pi of the -0.29 kb HindHI-Sall fragment of plasmid 
pSV2-HPC8, 2 ^d of the -1.15 kb SaU-BgUI fragment of 
plasmid pSV2-HPC8, and 2 pi of the --4.2 Icb Hindm-BgUI 
fragment of plasmid pSV2-p-globin were mixed together 
and ligated in substantial accordance with the procedure of 
Example 6A. The ligated DNA constituted the desired 
plasmid pL133; a restriction site and function map of 
plasmid pL133 is presented in FIG. 9 of the accon^anying 
drawings. The desired K coli K12 RRlVpLlSS transfor- 
mants were constructed in substantial accordance with the 
teaching of Exanqile 6A, with the exception that plasmid 
pL133, rather than plasmid pSV2-HPC8, was used as the 
transfonning DNA. 

EXAMPJJB7 

Construction of Plasmid pLPC 

About 20 pg of plasmid pBLcat DNA were dissolved in 
10 pi of lOx Hindm buffer and 80 of HjO. About 10 pi 
(-100 units) of restriction enzyme HindHI were added to the 
solution of plasmid pBLcat DNA, and the resulting reaction 
was incubated at 37** C. for 2 hours. The HindlH-digested 
plasmid pBLcat DNA was loaded onto an agarose gel and 
electrophorcsed until the -0.87 kb HindHI restriction frag- 
ment that comprises the BK enhancer and Ad2 late promoter 
was sq)arated from the other digestion products; then» the 
-0.87 kb fragment was isolated and prepared for ligation in 
substantial accordance with the procedure of Example 4A. 
About 2 pg of the desired fragment were obtained and 
dissolved in 5 pi of TE buffer. 

About 1.5 pg of plasmid pL133 DNA was dissolved in 2 
pi of lOx Hindm buffer and 16 pi of H^O, About 1 pi (-10 
units) of restriction enzyme Hindm was added to the 
solution of DNA, and the resulting reaction was incubated at 
37* C for 2 hours. The DNA was then diluted to 100 pi with 
TE buffer and treated with calf-intestinal alkaline phos- 
phatase in substantial accordance with the procedure in 
Exan^le 2. The Hindm-digested plasmid pL133 DNA was 
extracted twice with phenol and once with chloroform, 
precipitated with ethanol, and resuspended in 10 pi of TE 
buffer. 

About 5 pi of the -0.87 kb Hindm restriction fragment of 
plasmid pBLcat were added to the l.S pi of Hindm-digested 
plasmid pL133, and then, 1 pi of lOx ligase buffer, 1 pi 
(-1000 units) of T4 DNA ligase, and 1.5 pi of UJO were 
added to the solution of DNA, and the resulting reaction was 
incubated at 16° C. overnight. The ligated DNA constituted 
the desired plasmid pLPC A restriction site and frmction 
m^ of plasmid pLPC is presented in FIG. 10 of the 
accon^anying drawings. 

The ligated DNA was used to transform B coU K12 
HBlOl in substantial accordance with the procedure of 
Example 3. The transformed cells were plated on L agar 
containing ampicillin, and the plasmid DNA of the 
ampiciUin-resistant transfoimants was examined by restzic- 
tlon enzyme analysis to identify the E. coU K12 HBlOl/ 
pLPC transfoimants. The -0.87 kb Hindm restriction frag- 
ment that encodes the BK enhancer and Ad2 late promoter 
could insert into Hindm-digested plasmid pL133 in one of 
two orientations, only one of which yields plasmid pLPC. 

EXAMPLES 

Constmction of Plasmids pLPOJ and pLPC5 

About 1 pg (1 pi) of the BK virus DNA prepared in 
Example 1 and 1 pg of plasmid pLPC (1 pi) were dissolved 
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in 2 pi of lOx EcoRI buffer and 14 pi of HjO. About 2 pi 
(-10 units) of restriction enzyme EcoRI were added to the 
solution of DNA, and the resulting reaction was incubated at 
37" C for 2 hours. The EcoRI-digcsted mixture of BK viius 
and plasmid pLTC DNA was extracted once with bu£fered 
phenol and once with chlorofonn. Then, the DNA was 
collected by adjusting the NaQ concentration to 0.25M, 
adding two volumes of ethand, incubating the solution in a 
dry ice-ethanol bath for 2 minutes, and centrifuging the 
solution to pellet the DNA The supernatant was discarded, 
and the DNA pellet was rinsed with 70% cthanol, dried, and 
resuspended in 12 pi of TE buffer. 

About 13 pi of H2O and 3 pi of lOx ligase buffer were 
added to the EcoRI-digcsted mixture of BK virus and 
plasmid pLPC DNA. Two pi (-1000 units) of T4 DNAligase 
were added to the solution of DNA, and the resulting 
, reaction was incubated at 16** C. f cr 2 hours. The ligated 
DNA constituted the desired plasmids pLPC4 and pLPC5, 
which differ only with respect to the orientation of the 
inserted BK virus DNA. A restriction site and function map 
of plasmid pLPC4 is presented in FIG. 11 of the accon^a- 
nying drawings. 

The ligated DNA constituted the desired plasmids pLPC4 
and pIPC5 and was used to transform £*. coU K12 HBlOl 
con^etent cells in substantial accordance with the procedure 
of Example 3. Hie transformed cells were plated on L agar 
containing 100 pg/ml ampidllin. The E, coli K12 HBlOl/ 
pUPC4 and £. coli K12 HB101/pUPC5 transformants were 
identified by their ampicOlin-resistant phenotype and by 
restriction enzyme analysis of their plasmid DNA. 

EXAMPLE9 

Construction of Plasmids pLPChygl and 
pLPChyg2 

£. coli K12 RRl/pSV2hyg cells are obtained firom the 
Ncalhern Regional Research Laboratory under the accession 
number NRRL B-18039. Plasmid pSV2hyg DNA is 
obtained from the cells in substantial accordance with the 
procedure of Exanq)Ie 3. A restriction site and function map 
of plasmid pSV2hyg is presented in FIG. 12 of the accom- 
panying drawings. 

About 10 pg (in 10 pi of TE buffer) of plasniid pSV2hyg 
were added to 2 pi of lOx BamHI buffer and 6 pi of H2O. 
About 2 pi (about 20 units) of restriction enzyme BamHI 
were added to the solution of DNA, and the resulting 
reaction was incubated at 37" C. for 2 hours. The reaction 
was extracted first with phenol and then was extracted twice 
with chlorofoim. The BamHI-digested plasmid pSV2hyg 
DNA was loaded onto an agarose gd, and the hygromycin 
resistance gene-containing, -2.5 Icb restriction fragment was 
isolated in substantial accordance with the procedure 
described in Example 4A. 

About 5 pi of lOx Klenow buffer (0.2 mM in each of tiie 
fourdNTPs; 0.5MTris-HCl,pH.=7.8; 50mMMgCl5;0.1M 
2-mcrcaptoethanol; and 100 pg/ml BSA) and 35 pi of H2O 
were added to the solution of BamHI-digested plasmid 
pSV2hyg DNA, and then, about 25 units of Klenow enzyme 
(about 5 pi, as marketed by BRL) were added to the mixture 
of DNA, and the resulting reaction was incubated at 16° C. 
for 30 minutes. The Klenow-treated, BamHI-digested plas- 
mid pSV2hyg DNA was extracted once with phenol and 
once with diloroform and then precipitated with ethanol. 
About 2 pg of the desired fragment were obtained and 
suspended in 5 pi of TE buffer. 

About 10 pg (10 pi) of plasmid pLPC DNA were added 
to 2 pi of lOx StuI buffer and 6 pi of H^O. About 2 pi (-10 
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units) of restriction enzynic StuI were added to the solution 
of DNA, and the resulting reaction was incubated at 37** C 
for 2 hours. The Stul-digested plasmid pLPC DNA was 
precipitated with ethand, collected by centrifugation, and 
resuspended in 2 pi of lOx Ndcl buffer (1.5M NaQ; O.IM 
Tris-HCl, pH=7.8; 70 mM MgCl^; 60 mM 
2-mercaptoethanol; and 1 mg^ml BSA) and 16 pi of H2O. 
About 2 fil (-10 units) of restriction enzyme Ndd were 
added to the solution of Stul-^gested DNA, and the result- 
ing reaction was incubated at 37" C. for 2 hours. 

The Ndel-StuI-digested plasmid pLPC DNA was precipi- 
tated with ethanol, collected by centrifugadon, and resu^ 
pended in 5 pi of lOx Klenow buffer and 40 pi of HjO. 
, About 5 pi (-25 units) of Klenow enzyme were added to the 
solution of DNA, and the resulting reaction was incubated at 
16*' C. for 30 minutes. After the Klenow reaction, the 
reaction mixture was loaded onto an agarose gel, and the 
-5.82 kb Ndel-StuI restriction fragment was isolated from 
the gd. About 5 pg of the desired fragment were obtained 
and suspended in 5 pi of TE buffer. 

About 2 pi" of the -2.5 kb Klenow-treated BamHI restric- 
tion fragment of plasmid pSV2hyg were mixed with about 
1 pi of the -5.82 Idb Klenow-treated NdcI-StuI restriction 
fragment of plasmid pLPC, and about 3 pi of lOx ligasc 
buffer, 2 pi of T4 DNAUgase (-1000 units), 1 pi of T4 RNA 
ligase (-1 unit), and 14 pi of HjO were added to the solution 
of DNA. The resulting reaction was incubated at 16° C 
overnight The ligated DNA constituted the desired plasmids 
pLPChygl and pLPChyg2, which differ only with respect to 
the orientarion of tfie -2.5 kb Klenow-treated, BamHI 
restriction fragment of plasmid pSV2hyg. A restriction site 
and function map of plasmid pLPChygl is presented in FIG. 
13 of the accompanying drawings. The Hgated DNA was 
used to transform E, coU K12 HBlOl in substantial accor- 
dance with the procedure of Example 3. The desired E, coli 
K12 HBlOiyipLPChygl and E, coU K12 HB101/pLPChyg2 
transformants were plated on L agar containing ampidllin 
and identified by restriction enzyme analysis of their plas- 
mid DNA. 

EXAMPLE 10 
Construction of Plasmid pBW32 
A. Construction of Intermediate Plasmid pTPAlOS 
Plasmid pTPAl 02 comprises the coding sequence of 
human tissue plasminogen activator (TPA). Plasmid 
pTPA102 can be isolated from E. coli K12 MM294/ 
pTPA102, a strain available from the Northern Regional 
Research Laboratory under the accession number NRRL 
B-15834. A restriction site and function map of plasmid 
pTPA102 is presented in FIG. 14 of the accompanying 
drawings. Plasmid pTPA102 DNA is isolated from E, coU 
K12 MM294/pTPA102 in substantial accordance with the 
procedure of Exan^le 2. 

About 50 pg of plasmid pTPA102 (in about 50 pi of TE 
buffer) were added to 10 of lOx TthllU buffer (0.5M 
NaQ; 80 mM TWs-HO, pH=7.4; 80 mM MgOj; 80 mM 
2-mercaptoethanol; and 1 mg/ml BSA) and 80 pi of H^O. 
About 10 pi (-50 units) of restriction enzyme TthllU were 
added to the solution of DNA, and the resulting reaction was 
incubated at 65** C f or 2 hours. The reaction mixture was 
loaded onto an agarose gel, and the -4.4 kb Tthllll restric- 
tion fragment that comprises the TPA coding sequence was 
isolated from the geL The other digestion products, 3.1 kb 
and 0.5 kb restriction fragments, were discarded. About 10 
pg of the desired «4.4 kb TthlUT restriction fragment were 
obtained and suspended in 10 pi of TE buffer. 
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About 5 Ml of lOx Kleaow buffer and 30 |il of H^O were 
added to the solution comprising the -4.4 kb Tthllll 
restriction fragment, and after the further addition of about 
5 jil of Klenow enzyme (-5 units), the reaction mixture was 
incubated at 16° C. for 30 minutes. After the Klenow 
reaction, the DNA was precipitated with ethanol and resus- 
pended in 3 pi of lOx ligase buffer and 14 pi of HjO. 

Bamin linkers (New England Biolabs), which had the 
following sequence: 



were kinased and prepared for ligation by the following 
procedure. Four pi of linkers (-2 pg) were dissolved in 20.15 
pi of HjO and 5 pi of lOx kinase buffer (500 roM TYis-HCl, 
pH=7.6 and 100 mM MgOj), incubated at 90° C. for two 
minutes, and then cooled to room temperature. Five pi of 
^32p-ArP (-20 pQ), 2.5 pi of IM 0IT,. and 5 pi of 
polynucleotide kinase (-10 units) were added to the mixture, 
which was then incubated at 37* C. for 30 minutes. Then, 
3.35 pi of O.OlM ATP and 5 pi of kinase were added, and the 
reaction was continued for another 30 minutes at 37" C. The 
radioactive ATP aids in determining whether the linkers have 
ligated to the target DNA 

About 10 pi of the kinased BamHI linkers were added to 
the solution of -4.4 Idb Tthllll restriction fragment, and 
after the addition of 2 pi of T4 DNAUgase (-1000 units) and 
1 pi of T4 RNA ligase (-2 units), the ligation reaction was 
incubated overnight at 4** C. The ligated DNA was precipi- 
tated with ethanol and resuspended in 5 pi of lOx Hindm 
buffer and 40 pi of H2O. About 5 pi (-50 units) of restriction 
enzyme Hindm were added to the solution of DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. 

The Hindm-digested DNA was precipitated with ethanol 
and resuspended in 10 pi of lOx BamHI buffer and 90 pi of 
HjO. About 10 pi (-100 units) of restriction enzyme BamHI 
were added to the solution of DNA, and the resulting 
reaction was incubated at 37** C. for 2 hours. After the 
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BamHI digestion, the rcacdon mixture was loaded onto an 
agarose gel, and the -2.0 kb BamHI-Hindlll restriction 
fragment was isolated from flic gd. About 4 pg of the desired 
fragment were obtained and suspended in about 5 ^l of TE 
buffer. 

To construct plasmid pTPA103, the "-2,0 kb BamHI- 
Hindm restriction fragment derived from plasmid pTPAlOZ 
was inserted into BamHI-Hindll-I-digestcd plasmid pRC 
Plasmid pRC was constructed by inserting an -288 bp 
EcoRI-Qal restriction fragment that comprises the promoter 
and operator (trpPO) sequences of the E. coU tip operon into 
EcoRI-Qal-digested plasmid pKC7. Plasmid pKC7 can be 
obtained from the American Type Culture Collection in E. 
coU K12 N100/pKC7 under the accession number ATCC 
37084. The -288 bp EooRI-Clal restriction fragment that 
comprises the trpPO can be isolated from plasmid pTPA102, 
which can be isolated from£. coli K12 MM294/pTPA102 
(NRJRL B- 15834). Plasmid pKC7 and plasmid pTPA102 
DNA can be obtained from the aforementioned cell lines in 
substantial accordance with the procedure of Example 3. 
This -0.29 Icb EcoRI-Clal restriction fragment of plasmid 
pTPA102 con^>rises the transcription activating sequence 
and most of the translation activating sequence of the E, coU 
trp gene and has the sequence depicted below: 





10 20 30 40 50 

y-AATTCACGCT GTGGTCarrTAT GGTCGGTGGT CGCTAGGGTG CCGACGCGCA 

Mint llllllllll Ml I Ml III llllllllll llllllllll 

3'-GrC3CGA CACCACAATA CCAGCCACCA GCGATCCCAC GGCTGCGCCJT 

60 70 80 90 100 

TCTCGACTGC ACGGTGCACC AATGCTTCTG GCGTCAGGCA GCCAATCGGA 

IlilltllM IMIilllll llllllllll llllllllll IIIIIIIMI 

AGAGCTGACG TGCCACGTGG TTACQAAGAC CGCAGTCCGT COGTTAGCCT 

110 120 130 140 150 

AGCTGTGGTA TGGCTGTGCA GGTCGTATAA TCACCGCATA ATTCGAGTCG 
llllllllll flllllllll IIIIIMIII IIIMIIMI llllllllll 
TCGACACCAT ACCGACACGT CCAGCATATT AGTGGCGTAT TAAGCTCAOC 

160 170 180 190 200 

CTCAAGGCGC ACTCCCGTTC CGGATAATGT TTTTTGCTCC GACATCATAA 
IIIIIIIMI llllllllll llllllllll llllllllll Mllllllll 
GAGTTCCGCG TGAGGGCAAG GCCTATTACA AAAAACGAGO CTGTAGTATT 

210 220 230 240 250 

CGGTTCCGGC AAATATTCTG AAATGAGCTG TTGACAATTA ATCATCGAAC 

IIIIIIIMI llllllllll lltllIMM IMIilllll IMIIIIIII 

GCCAAGGCCQ TTTATAAGAC TTTACTCGAC AACTGTTAAT TAGTAGCTTG 

260 270 280 287 

TAGTTAACTA GTACGCAAGT TCTCOTAAAA AGGGTAT-3' 
llllllllll llllllllll IIMIIIIII I III II I 
ATCAATTGAT CATGCGTTCA AGAGCATTTT TCCCATAGC-S- . 



Thus, to construct plasmid pRC, about 2 pg of plasmid 
pKC7 in 10 pi of TE buffer were added to 2 jil of lOx dal 
buffer (0.5M NaQ; 60 mM Tris-HQ, pH=7.9, 60 mM 
MgQj; and 1 mg/ralBSA) and 6 jil of H^O. About2 pi (-10 
units.) of restriction enzyme Oal were added to the solution 
of plasmid pKC7 DNA, and the resulting xeaction was 
incubated at 37° C. for 2 hours. The dal-digestcd plasmid 
pKC7 DNA was precipitated with ethanol and resuspcnded 
in 2 ^il of lOx EcoRI buffer and 16 pi of H^O. About 2 pi 
(-10 units) of restriction enzyme EcoRI were added to the 
solution of OaX-digested plasmid pKC7 DNA, and the 
resulting reaction was incubated at 37* C. for 2 hours. 

The EcoRI-Clal-digcsted plasmid pKC7 DNA was 
extracted once with phenol and then twice with chloroform. 
The DNA was then precipitated with ethanol and rcsus- 
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pended in 3 pi of lOx ligase buffer and 20 pi of HjO. A 
restriction site and function map of plasmid pKC7 can be 
obtained from Maniatis et aL, Molecular Cloning (Cold 
Spring Harbor Laboratory, 1982), page 8- 

About 20 ]ig of plasmid pTPA102 in about 20 pi of TE 
buffer were added to 10 pi of lOx QaX buffer and 60 pi of 
HjO. About 10 pi (*-50 units) of restriction enzyme CM 
were added to the solution of plasmid pTPA102 DNA, and 
the resulting reaction was incubated at 37" C. for 2 hours. 
The Qal-digested plasmid pTPA102 DNA was precipitated 
with cthanol and resuspendcd in 10 pi of lOx EcoRI buffer 
and 80 pi of HjO. About 10 pi (-50 units) of restriction 
enzyme EcoRI were added to the solution of Qal-digestcd 
plasmid ifrPA102 DNA, and the resulting reaction was 
incubated at 37" C. for 2 hours. 

The EcoRI-Qal-digested plasmid pTPA102 DNA was 
extracted once with phenol, loaded onto a 7% polyacryla- 
mide gd, and clectrophoresed untO the -288 bp EcoRI-Clal 
restriction fragment that comprises the trpPO was separated 
from the other digestion products. The -288 bp EcoRI-Clal 
restriction fragment was isolated from the gel; about 1 pg of 
die desired fragment was pbtained, suspended in 5 pi of TE 
buffer, and added to the solution of EcoRI-Qal-digested 
plasmid pKC7 DNA prepared as described above. About 2 
pi (-1000 units) of T4 DNA ligase were then added to the 
mixture of DNA, and the resulting ligation reaction was 
incubated at 16" C. for 2 hours. The ligatcd DNA constituted 
the desired plasmid pRC DNA 

The ligatcd DNA was used to transform E. coli K12 
HBlOl competent cells in substantial accordance with the 
procedure of Exaniple 2. The transformed cells were plated 
on L agar containing 100 pg/ml ampiciUin, and the 
ampicillin-resistant transformants were screened by restrict 
tion enzyme analysis of their plasmid DNA to identify the 
desired E. coli K12 HB1014)RC colonies. Plasmid pRC 
DNA was obtained from the E. coli K12 HBlOl/pRC 
transformants in substantial accordance with the procedure 
of Example 3. 

About 2 pg of plasmid pRC DNAin 2 pi of TE buffer were 
added to 2 pi of lOx Hindm buffer and 16 pi of H^O. About 
2 pi (-10 units) of restriction enzyme HindJU were added to 
the solution of plasmid pRC DNA, and the resulting reaction 
was incubated at 37" C. for two hours. The Hindm-digested 
plasmid pRC DNA was precipitated with ethanol and resus- 
pendcd in 2 pi of lOx Bamin buffer and 16 pi of H^O. About 

2 pi (-10 units) of restriction enzyme BamHI were added to 
die solution of HindlQ-digested plasmid pRC DNA, and the 
resulting reaction was incubated at 37" C. for 2 hours. 

The Bamm-HLndm-digested plasmid pRC DNA was 
extracted once with phenol and then twice with chloroform. 
The DNA was precipitated with ethanol and resuspendcd in 

3 pi of lOx ligase buffer and 20 pi of H^O. The -4 pg (in -5 
pi of TE buffer) of -2.0 ld> Hindm-BamHI restriction 
fragment of plasmid pTPA102 were then added to the 
solution of Bamm-Hindm-digested plasmid pRC DNA. 
About 2 pi (-1000 units) of T4 DNA ligase were added to 
the mixture of DNA, and the resulting reaction was incu- 
bated at 16" C. for 2 hours. The Hgated DNA constitoted the 
desired plasmid pTPA103 DNA. 

To reduce undesired transfoimattts, the ligated DNA was 
digested with restriction enzyme Ncol, which cuts plasmid 
pRC but not plasmid pTPA103. Thus, digestion of the 
ligated DNA with Ncol reduces undesired transformants, 
because linearized DNA transforms R coli at a lower 
frequency than closed, circular DNA. To digest the ligated 
DNA, the DNA was iirst precipitated with ethanol and then 
resuspendcd in 2 pi of lOx Ncol buffer (1.5M NaQ; 60 mM 
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Tiis-HCl, pH=7.8; 60 mM MgOj; and 1 mg/ml BSA) and 
16 pi of HjO. About 2 \j1 (-10 units) of restriction en2ynie 
Ncol wac added to the solution of DNA, and the resulting 
reaction was Incubated at 37^ C. for 2 hours. 

The ligated and then Ncol-digested DNA was used to 
transform co/i K12RV308 (NRRLB- 15624). E. coU K12 
'RV308 cells were made competent and transformed in 
substantial accordance with the procedure of £xan^>le 3. 
The transfoimation mixture was plated on L agar containing 
ICQ pg^ ampicillin. The ampicUIin-resistant transfoimants 
were tested for sensitivity to kanamycin, for though plasmid 
pRC confers kanamydn resistance, plasmid pTPA103 does 
not The ampidliin-resistant, kanamycin-sensitive transfor- 
mants were then used to prepare plasmid DNA, and the 
plasmid DNA was examined by restcictioQ enzyme analysis 
to identify the £ coU K12 RV308/pTPA103 transformants. 
A restriction site and function map of plasmid pTPA103 is 
presented in FIG. 14 of the accon:^)anying drawings. Plas- 
mid pTPA103 DNA was isolated from the E. coli K12 
RV308/pTPA103 cells in substantial accordance with the 
procedure of Example 3. 

B. Construction of Intcnnediatc Plasmid pBW25 

About 1 Jig of plasmid pTPA103 DNAin 1 fil of TE buffer 
was added to 2. pi of lOx BgiH buffer and 16 pi of H^O. 
About 1 pi (-5 units) of restriction enzyme BglH was added 
to the solution of plasmid pTPA103 DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. The BglH- 
digested plasmid pTPA103 DNA was precipitated with 
ethanol and resuspeaded in 5 pi of lOx Elenow bufter and 
44 pi of H2O. About 1 pi of Klenow enzyme (1 unit) was 
added to the solution of Bglll-digested plasmid pTPA103 
DNA, and the resulting reaction was incubated at 16*^ C. for 
2 hours. The Klenow-treated, BgUI-dLgested plasmid 
pTPA103 DNA was precipitated with ethanol and resus- 
pended in 3 pi of lOx ligase buffer and 22 pi of HjO. 

About 2 pi (0.2 pg) of unldnased Ndel linkers (New 
England Biolabs) of sequence: 

3'^CATATGG-3' 
llllllll 

3'.GC7TATACC^' 

were added to the solution of Klenow-treated, Bglll- 
digested plasmid pTPA103 DNA, together with 2 pi (-1000 
units) of T4 DNA ligase and 1 pi (~2 units) of T4 RNA 
ligase, and the.iesulting ligation reaction was incubated at 4** 

C. overnight. The ligated DNA constituted plasmid 
pTPA103derNdeI, which is substantially similar to plasmid 
pTPA103, except plasmid pTPA103derNdeI has an Ndel 
recognition sequence where plasmid p'ITA103 has a BgITT 
recognition sequence. 

The ligated DNA was used to tmnsform E coll K12 
RV308 competent cells in substantial accordance with the 
procedure described in Example 2. The transformed cells 
were plated on L-agar containing ampidllin, and the E. coU 
K12 RV308/plPA103derNdeI transformants were identified 
by restriction enzyme analysis of their plasmid DNA. Plas- 
mid pTTA103dcxNdeI DNA was isolated from the transfor- 
mants for use in subsequent constructions in substantial 
accordance with the procedure of Example 3. 

About 10 pg of plasmid pTPA103deiNdeI DNA in 10 pi 
of TE buffer were added to 2 pi of lOx Avan buffer (0.6M 
NaQ; 60 mM TWs-HO, pH=8.0; O.lM MgClj; 60 mM 
2-mercaptoethanol; and 1 mg^ BSA) and 6 pi of H2O. 
About 2 pi (-10 units) of restriction enzyme Avail were 
added to ^e DNA, and the resulting reaction was incubated 
at 37** C. for 2 hours. The Avail-digested DNA was loaded 
onto an agarose gel and electrophoresed until the -1.4 kb 
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restriction fragment was separated from the other digestion 
products. The -1.4 kb Avail restriction fragment of plasmid 
pTPAl03derNdeI was isolated from the gd; about 2 pg of 
the desired fragment were obtained and suspended in 5 ^1 of 
TE buffer. 

About 5 pi of lOx Klenow buffer, 35 jd of H^O, and 5 pi 
(-5 units) of Klenow enzyme were added to the solution of 
-1.4 kb Avail restriction fragment, and the resulting reaction 
was incubated at 16° C. for thirty minutes. The Klenow- 
treated DNA was precipitated with ethanol and resuspended 
in 3 pi of lOx ligase buffer and 14 pi of H2O. 

About 2 ]Xg of Hpal linkers of sequence: 



wereldnased in substantial accordance with the procedure of 
Example lOA. About 10 pi of the kinased linkers were added 
to the solution of Klenow-treated, -1.4 kb AvaH restriction 
fragment of plasmid pTPA103detNdeI together with 2 \sX 
(-1000 units) of T4 DNA ligase and 1 pi (-1 unit) of T4 
RNA ligase, and the resulting reaction was incubated at 16° 
C. overnight. 

The ligated DNA was extracted once with phenol, 
extracted twice with chlOTofonn, {ffcdpitated with ethanol, 
and resuspended in 2 pi of lOx EcoRI buffer and 16 pi of 
HjO. About 2 pi (-10 units) of restriction enzyme EcoRI 
were added to the solution of DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. The EcoRI- 
digcstcd DNA was extracted once with phenol, extracted 
twice with chloroform, predpitated with ethanol, and resus- 
pended in 3 pi of lOx ligase buffer and 20 pi of HjO. The 
fragment, which is- about 770 bp in size and encodes the 
trpPo and the amino-terminus of TPA, thus prepared had one 
EcoRI-con^atible end and one blunt end and was ligated 
into EcoRI-Smal-digested plasmid pUC19 to form plasmid 
pUClSTPAFE. 

About 2 pi of plasmid pUC19 (available from Bethesda 
Research Laboratories) were dissolved in 2 pi of lOx Smal 
buffer (0.2M KQ; 60 mM Tris-HQ. pH=8.0; 60 mM 
MgCl^; 60 mM 2-mercaptoethanol; and 1 mg/ml BSA) and 
16 pi of HjO. About 2 pi (-10 units) of restriction enzyme 
Smal were added to the solution of DNA, and the resulting 
reaction was incubated at 25° C for 2 hours. The Smal- 
digested plasmid pUC19 DNA was precipitated with 
ethanol, collected by ccntrifugation, and resuspended in 2 pi 
of lOx EcoRI buffer and 16 pi of HjO. About 2 pi (-10 units) 
of restriction enzyme EcoRI were added to the solution of 
Smal-digested plasmid pUC19 DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. The EcoRI- 
Smal-digested plasmid pUC19 DNA was extracted once, 
with phenol, extracted twice with dilorofomi, and resus- 
pended in 5 pi of TE buffer. 

The EcoRI-Smal-digested plasmid pUC19 DNA was 
added to the solution containing the -770 bp EcoRI-blunt 
end restriction fragment derived from plasmid 
pTRA103derNdeL About 2 pi (-1000 units) of T4 DNA 
ligase were added to the mixture of DNA, arid the resulting 
reaction was incubated at 16° C. ovcmight The ligated DNA 
constituted the desired plasmid pUC19rPAFE. A restriction 
site and function map of plasmid pUClSTEAFE is presented 
in FKj. 14 of the accompanying drawings. 

The multiple-doning site of plasmid pUC19, which com- 
prises the EcoRI and Smal recognition sequences utilized in 
the construction of plasmid pUC 19TPAFE, is located within 
the coding sequence for the lacZ a fragment Exfa-ession of 
the lacZ a fragment in cdls that contain the lacZ AM15 




3'-GCAATTGC^' 



5*-CGrrTAACG-3' 
llllllll 
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mutation, a miitatioD in the lacZ gene that encodes 
p-galactosidase, allows those cells to,express a functional 
^galactosidase molecule and thus allows those cells to 
hydrolyze X-Gal (5-bromo-4-chloro-3-indolyl-P-D- 
galactcpyranosidc), a colodess compound, to its indigo- 
colored hydrolysis product. Insertion of DNA into the 
multiple-doning site of plasmid pUC19 interrupts the cod- 
ing sequence for the lacZ a fragment* and cell^ with the lacZ ^ 
AM15 mutation &at host such a plasmid are unable to 
hydrolyze X-Gal (this same principle is utOizcd when clon- 
ing into plasmid pUC8; see Example 2). The ligated DNA 
that constituted plasmid pUC19TPAFE was used to trans- 
form E. coll K12 RR1AM15 (NKRL B-15440) cells made 
competent for transformation in substantial accordance with 
the procedure of Example 2. 

Tlie transfonned cells were plated on L agar containing 
100 Mg^ml an^icillin; 40 ^g/ml X-Gal; and 1 mM IFTG. 
Colonies that failed to exhibit the indigo color were subcul- 
tured and used to prepare plasmid DNA; the E, coli K12 
RRXAM15/pUC19TBAFE iransformants were identified by 
restriction enzyme analysis of their plasmid DNA. Plasmid 
PUC19TPAEE DNA was isolated from the E. coU K12 
RRlAM15/pUC19TPAFE ceUs for use in subsequent con- 
structions in substantial accordance with the procedure of 
Example 3. 

About 7 ^g of plasmid pUClSTPAFE in 20 pi of TE 
buffer were added to 10 fil of lOx Hpal buffer (0.2M KQ; 
0.1M THs-HO, pH=7.4; and O.IM MgOj) and 70 [il of 
HjO. About 3 (-6 units) of restriction enzyme Hpal were 
added to the solution of plasmid pUC19TPAFE DNA, and 
the resulting reaction was incubated at 37^ C for 20 min- 
utes; the short reaction period was designed to yield a partial 
Hpal digest The reaction was adjusted to 150 pi of Ix 
Bamm buffer (150 mM Nad; 10 mM Ttis-Ha, pH=8.0; 
and 10 noM MgQ2; raising the salt concentration inactivates 
Hpal). About 1 pi (-^16 units) of restriction enzyme BamHI 
were added to the solution of partially-Hpal-digested DNA, 
and the resulting reaction was incubated at 37° C for 90 
minutes. 

The BamHI-partially-Hpal-digested plasmid 
pUC19TPAFE DNA was concentrated by cthanol 
predpitadon, loaded onto a 15% agarose gel, and the -3.42 
kfo Hpal-BamHI restriction fragment that comprises the 
replicon, fJ-lactamase gene, and all of the TPA-encoding 
DNA of plasmid pUCAIPAFE was isolated from the gel by 
cutting out fte segment of the gel that contained the desired 
fragment, freezing the segment, and then squeezing &e 
liquid from the segment The DNA was precipitated from the 
liquid by an ethanol precipitadon. About 1 pg of the desired 
fragment was obtained and suspended in 20 pi of TE buffer. 

About 10 pg of plasmid pTPA103 in 10 pi of TE buffer 
were dissolved in 10 pi of lOx Seal buffer (l.OM NaQ; 60 
mM IHs-HQ, pH=7.4; and 60 mM MgClj) 10 mM OTT; 
and 1 mg/ml BS A) and 80 pi of H3O. About 3 pi (-18 units) 
of restriction enzyme Seal were added to the solution of 
plasmid pTPAlOB DNA, and the resulting reaction was 
incubated at 37** C for 90 minutes. The reaction volume was 
•adjusted to 150 pi of Ix BamHI buffer, and about 1 pi (-16 
units) of restriction enzyme BamHI was added to the 
mixture, which was then incubated at 37** C. for 90 minutes. 
> The DNA was precq>itated with ethanol, collected by 
centrifiigation, and resuspended in preparation for electro- 
phoresis. The Scal-BamHI-digcstcd plasmid pTPA103 DNA 
was loaded onto a 1.5% agarose gd and dectrophoresed 
until the -1.015 kb Scal-BamHI restriction fragment was 
separated from the other digestion |ffoducts. The -1.015 
Scal-BamHI restriction fragment that conq>rises the IPA 
carboxy-terminus-encoding DNA of plasmid pTPA103 was 
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isolated jfrom ttc gel; about 0.5 pg of the desired fragment 
were obtained and dissolved in 20 pi of glass-distilled Rfi. 

About 2 pi of the -342 Itb BamHI-Hpal restriction 
fragment of plasmidpUC19TPAEB were added to 2 pi of the 
-1.015 kb Scal-BamHI restriction fragment of plasmid 
pTPA103 together with 2 pi of lOx ligase buffer and 1 pi (-1 
Weiss unit; the ligase was obtained from Promega Biotec, 
2800 S. Fish Hatchery Road, Madison, Wis. 53711) of T4 
DNA ligase, and the resulting reaction was incubated at 16'* 
C. overnight The ligated DNA constituted the desired 
plasmid pBW25. A restriction site and function map of 
plasmid pBW25 is presented in FIG. 14 of the accompany- 
ing drawings. 

The ligated DNA was used to transform E, coU K12 
IM105 (available from BRL) that were made competent for 
transformation in substantial accordance with the procedure 
of Example 2, except that 50 xrM CaCla was used in the 
procedure. The transformed cells were plated on BHI (Dif co 
Laboratories, Detroit, Mich.) containing 100 pg/ml 
ampiciUin, and the E. coU K12 JM105^BW25 transfor- 
mants were identified by restdction enzyme analysis of their 
plasmid DNA. Digestion of plasmid pBW25 with restriction 
enzyme EcoIU yields -3.38 kb and -1.08 1* restriction 
fragments. Hasmid pBW25 is prepared for use in subse- 
quent constructions in substantial accordance with the pro- 
cedure of Example 3. 

C. Site-specific Mutagenesis of the TPA Coding Region and 
'Construction of Plasmid pBW28 

About 5 pg of plasmid pBW25 in 10 pi of glass-distilled 
H2O were added to about 10 pi of lOx TTindnr reaction 
buffer and 80 pi of H^O. About 1 pi (-20 units) of restriction 
enzyme Hindm was added to the solution of plasmid 
pBW25 DNA, and the resulting reaction was incubated at 
37** C for 90 minutes. About 3 pi (-24 units) of restriction 
enzyme EcoRI and 10 pi of IM THs.HCl, pH=7.6, were 
added to the solution of HindUI-digested plasmid pBW25 
DNA, and the resulting reaction was incubated at 37° C. for 
90 minutes. The EcoRI-Hindm-digested plasmid pBW25 
DNA was concentrated by ethanol precipitation, loaded onto 
a 1.5% agarose gel, and electrophoresed until the -810 bp 
EcoRI-Hindm restriction fragment was separated from the 
other digestion products. About 0.5 pg of the -810 bp 
EcoqRI-Hindm restriction fragment was isolated from the 
gel, prq)ared for ligation, and resuspended in 20 pi of 
glass-distilled H2O. 

About 4.5 pg of the repUcative form (RF) of M13n^58 
DNA (available from New England Biolabs) in 35 pi of 
glass-distilled H2O were added to 10 pi of lOx Hindm 
buffer and 55 pi of H^O. About 1 pi (-20 units) of restriction 
enzyme Hindm was added to the solution of M13mp8 DNA, 
and the resulting reaction was incubated at 37° C for 1 hour. 
About 3 pi (-24 units) of restriction enzyme EcoiRC and 
about 10 pi of IM lHs.Ha, pH=7.6, were added to the 
solution of Hindm-digested M13nq)8 DNA, and the result- 
ing reaction was incubated at 37* C. for 1 hour. Hie 
Hindm-BcoRI-digested M13mp8 DNA was collected by 
ethanol precipitation, resuspended in preparation for agarose 
gel electrophoresis, and the large restriction fragment iso- 
lated by gel electrophoresis. About 1 pg of the large EcoKZ- 
Hindm restriction fragment of MI31198 was obtained and 
suspended in 20 pi of glass-distilled H^O. About 2 pi of the 
large EcoRI-Hindm restriction fragment of M13mp8, 2 pi of 
lOx ligase buffer, 12 pi of H^O and -1 pi (-1 Weiss unit) of 
T4 DNA ligase were added to 3 pi of the -810 bp EcoRI- 
Hindm restriction fragment of plasmid pBW25, and the 
resulting ligation reaction was incubated at 16° C. oveenight. 

R coU JM103 cells, available from BRL, were made 
competent and transfected with the ligation mix in substan- 
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tial accordance with the procedure desciibed in the BRL 
M13 Cloning/'Didcoxy* Sequencing Instruction Manual, 
except that the amount of DNA used per transfeccion was 
varied. Recombinant plaques were.identiiied by insertional 
inactivation of the p-galactosidase a-fragment-encoding 
gene, which results in the loss of the ability to cleave X-gal 
to its indigo-colored cleavage product For screening 
purposes, six white plaques were picked into 2^ ml of L 
broth, to which was added 0.4 ml of £. colt K12 JM103, 
cultured in Tm'nimal media stock to insure retention of the F 
episome that carries proAB, in logarithmic growth phase. 
Hie plaque-containing solutions were incubated in an air- 
shaker at 37° C. for B hours. Cells from 1.5 ml aliquots were 
pelleted and RF DNA isolated in substantial accordance with 
the alkaline miniscreen procedure of Birnboim and Doly, 
1979, Nua Adds Res. 7:1513. The remainder of each 
culture was stored at 4** C for stock. The desired phage, 
designated pM8BW26, contained the -810 bp EcoRI- 
Hindm restriction fragment of plasmid pBW25 ligated to 
the -7.2 kb EcoRI-HindHI restriction fragment of M13nip8. 

About fifty ml of log phase E. coU JM103 were infected 
with pM8BW26 and incubated in an air-shaker at 37® C. for 
18 hours. The infected cells were peUeted by low speed 
centrifiigation, and single-stranded piM8BW26 DNA was 
prq)ared &om the culture supernatant by scaling up the 
procedure given in the Instruction manual. Single-stranded 
pM8BW26 was mutagenized in substantial accordance with 
the teaching of Adebnan ct al., 1983, DNA 2(3): 18S-193, 
except that the Klenow reaction was done at room tempera- 
ture for 30 minutes, then at 37** C. for 60 minutes, then at 10** 
C. for 18 hours. In addition, the S 1 treatment was done at 20** 
C, the salt concentration of the buffer was one-half that 
recommended by the manufacturer, and the M 13 sequencing 
primer (BRL) was used. Tlic synthetic oligodeoxyribonudfr- 
otide primer used to delete the coding sequence for amino 
acid residues 87 through 261 of native TPA was 

5'.43GGAAOT<KTOrOAAAIVTCCACCraCGGCCrG 

The resulting mutagenesis mix was used to transfect E, 
coU K12 JM103 in substantial accordance with the infection 
procedure described above. Desired mutants were identified 
by restriction enzyme analysis of RF DNA and by Maxam 
and Gilbert DNA sequencing. The desired mutant, which 
had the coding sequence for amino add residues 87 through 
261 of native TPA deleted, was designated pM8BW27. 

To construct plasmid pBW28, a variety of DNAfragments 
are needed. The first of these fragments was obtained by 
adding -20 pg of RF pM8BW27 DNA in 20 fd of glass- 
distilled HjO to 10 jil of lOx Ndel buffer and 60 pi of H^O. 
About 10 pi (-50 units) of restriction enzyme Ndd were 
added to the mixture of plasmid pM8BW27 DNA, and the 
resulting reaction was incubated at 37** C. for two hours. The 
Ndcl-digested plasmid pM8BW27 DNA was predpitated 
with ethanol, collected by centrifugation, andresuspended in 
10 pi of lOx EcoRI buffer and 90 pi of H2O. About 10 pi 
(-50 units) of restriction enzyme EcoRI were added to the 
solution of Ndel-digested plasmid pM8BW27 DNA, and the 
resulting reaction was incubated at 37** C for 2 hours. The 
EcoRI-Ndel-digested plasmid pM8BW27 DNA was elec- 
tFOphoresed on an agarose gel until the -560 bp Ndd-EcoRI 
restriction fragment, whidi contains the portion of TPA 
coding sequence that spans tiie site of deletion, was sepa- 
rated from the other digestion products. The -560 bp Ndel- 
EcoRIrestriction fragment was isolated from the gd; about 
0.5 pg of the desired fragment was obtained and suspended 
in 20 pi of glass-distiUed H^O. 

The second fragment needed to construct plasmid pBW28 
is synthesized one strand at a time on an automated DNA 
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synthesizer. The two complementary strands, which will 
hybridize to form a double-stranded DNA segment with 
'SbsJ. and Ndel overlaps, are kinased and annealed in sub- 
stantial accordance with the procedure of Example 6A- The 
ii'nVw has the following structure: 

Xbal 



5*-CTAGAGGGTATTAATAATC3TATCGATTTAAATAAGQAGGAATAACA-3' 

lllltlillllltlllllllllllillllllillllllilll 
TCCCATAATTATTACATACSCTAAATTTATTCCTCCTTATT GTAT 



The third fragment needed to construct plasmid pBW28 
was prepared by adding -20 ng of plasmid pTPA103 in 20 
pi of TE buffer to 10 of lOx BamHI buffer and 60 nl of 
HjO. About 10 ^ll (-50 imits) of restriction enzyme BamHI 
were added to the solution of plasmid pTPAlQ3 DNA, and 
the resulting reaction was incubated at 37° C. for 2 hours. 
The BaniHI-digested plasnaid pTPAlOB DNA was precipi- 
tated with ethanol, collected by centxifugation, and resus- 
pended in 10 \d of lOx EcoRI buffer and 80 pi of H^O. About 
10 nl (-50 units) of restriction enzyme EcoRI were added to 
the solution of BamHI-digcsted plasmid pTEA.103 DNA, 
and the resulting reaction was incubated at 37° C. for 2 
hours. The BamHI-EcoRI-digested plasmid pTPAlOS DNA 
was loaded onto an agarose gel and electrophoresed until the 
-689 bp EcoRI-BamHI restriction fragment, which com- 
prises the coding sequence for the carboxy-tcrminus of TPA, 
was separated from the other digestion products. About 0.5 
pg of the -689 bp fragment was isolated from the gel and 
then resuspended in 10 pi of glass-distilled H^O. 

The fimd fragment necessary to construct plasmid pBW28 
was isolated from plasmid pLllO, which is a plasmid 
disclosed and claimed in U.S. patent application Ser. No. 
769,221, filed Aug. 26, 1985, attorney docket number 
X-6638. A restriction site and function map of plasmid 
pLllO la presented in FIG. 14 of the accompanying 
drawings, and the construction of plasmid pLllO is dis- 
closed in Exan^le lOd, the following section of the present 
Example. 

About 25 pg of plasmid pLllO in 25 pi of TE buffer were 
added to 10 \d of lOx Xbal buffer (0.5M NaQ; 60 mM 
TYis-HCX pH=7.9; 60 mM MgO^; and 1 mg/ml BSA) and 
55 pi of KijO. About 10 pi (-50 units) of restriction enzyme 
Xbal were added to the solution of plasmid pLl 10 DNA, and 
the resulting reaction was incubated at 37*" C, for 2 hours. 
The Xbal-digested plasmid pLllO DNA was precipitated * 
with ethanol, collected by centrifugation, and resuspended in 
10 pi of lOx BamHI buffer and 89 pi of HjO. About 1 pi (-5 
units) of restriction enzyme BamHI was added to the solu- 
tion of Xbal-dlgested plasmid pLllO DNA, and the resulting 
reaction was incubated at 37° C for 30 minutes to obtain a 
partial BamHI digest The Xbal-paitiaUy-BamHI-digested 
plasmid-pLllO DNA was loaded onto an agarose gel and 
dectrophoresed until the -6.0 kb Xbal-BamHI fragment 
was clearly separated from the other digestion products. The 
-6.0 kb restriction fragment was isolated from the gel; about 
0.5 pg of the -6.0 kb Xbal-BamHI restriction fragment was 
obtained and suspended in about 40 pi of glass-<listLlled 
H2O. This -6.0 kb Xbal-BamHI restriction fragment com- 
prises all of plasmid pLllO except the EK-BGH-encoding 
DNA. 

To construct plasmid pBW28, the following fragments are 
mixed together about 0.1 pg (-8 pi) of the -6.0 kb BamHI- 
Xbal restriction fragment of plasmid piLl 10; about 0.05 pg 
(-2 pi) of the -560 bp Ndel-EcoRI restriction fragment of 
plasmid pM8BW27; about 0.1 pg (-2 pi) of the -689 bp 
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EcoRI-BamHI icstriction fragment of plasmid pTPA103; 
and about 0.02 fig (-1) of the --45 bp Xbal-Ndcl synthetic 
linker. About 2 pi of lOx ligase buffer and 1 pi (-1 Weiss 
unit) of T4 DNA ligase arc added to the mixture of DNA, 
and the resulting ligation reaction is incubated at 4" C. 
overnight for 2. hours. The ligated DNA constituted the 
desired plasmid pBW28. A restriction site and function map 
of plasmid pBW28 is presented in FIG. 14 of the accom- 
panying drawings. 

The ligated DNA was used to transform K colt KX2 
MM294 (NRRL B-15625) made competent in substantial 
accordance with the procedure of Example 2, except that 50 
mM CaClj was used in the procedure. Due to the presence 
of the lambda pL promoter and the gene encoding the 
temperature-sensitive lambda pL repressor on plasmid 
pBW28, the transformation procedure and culturing of 
transformants were varied somewhat The cells were not 
exposed to temperatures greater than 32° C. during trans- 
formation and subsequent culturing. The following section 
of this Bxanq)le relates more fully the procedures for han- 
dling plasmids that encode the lambda pL promoter and its 
temperature-sensitive repressor. The desired E, coU K12 
MM294/pBW28 transformants were identified by their 
tctracyclinc-rcsistant, ampidllin-sensitivcphenotype and by 
restriction enzyme analysis of their plasmid DNA. 
D. Construction of Plasmid pLllO 

Plasmid pLllO was constructed using plasmid pKC283 as 
starting material. Lyophils of E. coU K12 BE1201/pKC283 
are obtained from the NRRL under the accession number 
NRRL B- 15830. The lyophils are decanted into tubes con- 
taining 10 ml of L broth and incubated two hours at 32** C, 
at which time the cultures are made 50 )ig/ml in ampidllln 
and then incubated at 32** C. overnight The E, coli K12 
BE1201/pKC283 cells were cultured at 32° C, because 
plasmid pKC283 comprises the pL promoter and because K 
call K12 BE1201 cells comprise a temperature-sensitive d 
repressor gene integrated into the cellular DNA. When cells 
that comprise a wild-type lambda pL repress or gene or when 
cells that do not coii^rise a lambda pL promoter are utilized 
in this plasmid isolation procedure, as described in subse- 
quent Exan^les herein, the temperature of incubation is 37° 
C 

A small portion of the overnight culture is placed on 
L-agar plates containing SO pg^ml ampicUlin in a manner so 
as to obtain a single colony isolate of E. coU K12 BE1201/ 
pKC283. The single colony obtained was inoculated into 10 
ml of L broth containing 50 ^g/ml ampirillfn and incubated 
overnight at 32° C. with vigorous shaking. The 10 ml 
overnight culture was inoculated into 500 ml of L broth and 
incubated at 32° C. with vigorous shaking until the culture 
reached stationary phase. Plasmid pKC283 DNA was then 
prepared from the cells in substantial accordance with the 
procedure of Example 3. About 1 mg of plasmid pKC283 
was obtained and stored at 4° C. in TE buffer at a concen- 
tration of about 1 |jg/ul. A restriction site and function map 
of plasmid pKC2^ is presented in FIG. 14 of the accom- 
panying drawings. 

About 10 pi (-10 pg) of the plasmid pKC283 DNA were 
mixed with 20 pi lOx medium-salt restriction buffer (500 
mM NaQ; 100 mM Tris-HCl pH=7,5 ; 100 mM MgCla*. and 
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The colonies were individually cultured, and the plasmid 
DNA of the individual colonies was e:&ainined by restriction 
enzyme analysis and gel dectrophoresis. Flasmid DNA 
isolkioa was pcifonned on a smaller scale in accordance 
with the procedure of Example 3, but the CsQ gradient step 
was omitted until the desired E. coli K12 MO(1*0/ 
pKC283PX transfonnants were idcntiiied. A restriction site 
and function map of plasmid pKC283PX is presented in 
FIG. 14 of the accompanying drawings. 

Ten of plasmid pKC283EX DNA were dissolved in 20 
pi of lOx high-salt buffer, 20 jil 1 mgtol BSA, 5 pi (-50 
units) of restriction enzyme BglTT, 5 pi (-50 units) of 
restriction enzyme Xho]^ and 150 pi of water, and the 
resulting reaction was incubated at 37° C. for two hours. The 
reaction was stopped; the BgJII-XhoI digested DNA was 
precipitated, and the DNA was resuspended in 5 pi of TE 
buffer. 

A DNA linker with single-stranded DNA ends character- 
istic of BgUI and Xhol restriction enzyme cleavage was 
synthesized using an automated DNA synthesizer and 
kinased as described In Example 6A. The DNA linker had 
the following structure: 

S-aSATCTATTAACTCAATCTAGAC^* 
llllllllltllllllll 
3'-ATAATTGAGrTAGATCTGAOCT-J' 

The linker and BglH-XhoI-digested plasmid pKC283FX 
were ligated in substantial accordance with the ligatiopro- 
procedure described above. The ligated DNA constituted the 
desired plasmid pKC283-L. A restriction site and function 
of plasmid pKC283-L is presented in FIG. 14 of the 
accoDD^anying drawings. The plasmid pKC233-L DNA was 
used to transform E. coli K12 MO(X.^, and the resulting K 
coli K12 MO(X*)/pKC283-L transfonnants were identified 
by their an:q)icillin-resistant pheuotype and by restriction 
enzyme analysis of their plasmid DNA. 

About 10 pg of plasmid pKC283-L DNA were dissolved 
in 20 pi 1 lOx high-salt buffer, 20 pi 1 mg/ml BSA, 5 pi (-50 
units) restriction enzyme Xhol, and 155 pi of H2O, and the 
resulting reaction was incubated at C. for two hours. The 
Xhol-digested plasmid pKC283-L DNA was then precipi- 
tated and resuspended in 2 pi lOx nick-translation buffer 
(OJM Iris-HQ, pH=:7.2; 0.1M MgSO^; and 1 mM DTI), 1 
/pi of a solution 2 mM in each of the deoxynucleotide 
triphosphates, 15 pi of H20, 1 pi (-6 units as defined by P-L 
Biochemicals) of Klenow, and 1 pi of 1 mgAnl BSA* The 
resulting reaction was incubated at 25° C for 30 minutes; 
the reaction was stopped by incubating the solution at 70° C 
for five minutes. 

Bamm linkers (5'-CGGGArCCCG-3') were kinased and 
ligated to the Xhol-digested, Klenow-treated plasmid 
pKC2S3-L DNA in substantial accordance with the linker 
Hgation procedures described above. After the ligation 
reaction, the DNA was digested with about 100 units of 
BamHI for about 2 hours at 37° C in high-salt buffer. After 
the BamHI digestion, the DNA was prepared for ligation, 
and the -5.9 kb BamHI restriction fragment was circularized 
by ligation and transformed into E. coU K12 MC^X*^ in 
substantial accordance with the procedures described above. 
The E coU K12 MO(3l"*)/pKC283-LB transformants were 
identified, and then, plasmid pKC283-LB DNA was pre- 
pared from the transfonnants in substantial accordance with 
the procedure of Example 3. A restriction site and function 
map of plasmid pKC283-LB is presented in FIG. 14 of the 
accompanying drawings. 

About 10 pg of plasmid pKC283FX were digested with 
restriction enzyme Sail in high-salt buffer, treated with 



VfrJ7iaTCCtC-h to wbJtiatial iccottUace wtfh the 
to subjuxitiil 

T ^J?B».«nia 3 A reiiriction dte and toacdon nap « 

» «ii b^er with Aout 30 nnits each of 
^ «d Sptt Ate tacatatog me 

^^^TSf ^-^"0 V «u. -75 »A to 
tpaaide, «nd the b«nd JST^ viWJUzed with 

^^$^^^£2^ by the 

dcdvitlvea of P^T^^C^^ whidi fa geamted 

PtasmidpCC10lu«« jtej « M« 1984, attorney 

UoUte the ^f^Z^inWa ul of higli-»alt buffer coatain- 
pCClOl were digeatedta 200 xbal and 

£^r^ir«;^S:-BGHwaaUoUcdftc«,hegel 
"K'5li?Kodlg«ted*imre«i^oa «ry«« 
Xbrf and BaniHI, and the -3.9 tt ^^fT^^^-Zim 




48 

Kb Xbal-BamHI jcstricdon fragment of plasmid pCClOl to 
yield plasmid pL47. A restriction site and function map of 
plasmid pL47 is presented in FIG. 14 of the accon^anying 
drawings. Ftasmid pL47 was transformed into E. coli K12 
UOQ^, and the E. coU Ki2 lADQCy^lAl transfoimants 
were identified. Plasmid pL47 DNA was prepared from the 
transformants in substantial accordance with the procedures 
of Example 3. 

Plasmid pPR12 coitpises the tenq>erature-sensitive pL 
repressor gene cI857 and the plasmid pBR322 tetracycline 
resistance-conferring gene. Plasmid pPR12 is disclosed and 
claimed in U.S. Pat. No. 4,436.815, issued 13 Mar. 1984. A 
restriction site and function map of plasmid pFR12 is 
presented in FIQ. 14 of the accompanying drawings. 

About 10 pg of plasmid pPRlZ were digested with about 
50 units of restriction enzyme EcoRI in 200 ^ of high-salt 
buffer at 37** C. for two hours. The EcoRI-digested plasmid 
pPR12 DNA was precipitated and then treated with Klenow 
in substantial accordance with the procedure described 
above. After the Klenow reaction, the EcoRI-digested, 
Klenow-treated plasmid pPR12 DNA was redrcularized by 
ligation, and the Ugated DNA, which constituted the desired 
plasmid pPR12ARl, was used to transform F. coU K12 
RV308 (NRRL B-15624); transformants were selected 
based on tetracycline (10 ug/ml) resistance. After the E, coli 
K12 RV308/pPR12ARl transformants were identified, plas- 
mid pPR12^1 DNA was prepared from the transformants 
in substantial accordance with the procedure of Example 3. 

About 10 Mg of plasmid pPR12ARl were digested with 
about 50 units of restriction enzyme Aval in 200 fd of 
medium-salt buffer at 37" C for 2 hours. The Aval-digested 
plasmid pFR12ARl DNA was precipitated and then treated 
with Klenow. After the Klenow reaction, the Aval-digested, 
Klenow-treated plasmid pPR12ARl DNA was ligated to 
' EcoRl linkers (5'-GAGGAAITCCrC-3*), precipitated, 
resuspended in about 200 pi of high-salt buffer containing 
about 50 noits of restriction enzyncie EcoRl, and incubated 
at 37** C. for about 2 hours. After the EcoRl digestion, the 
reaction mixture was loaded onto a low-melting agarose gel, 
and the -5.1 kb EcoRl restriction fragment was purified 
from the gel and redrcularized by ligation to yield the 
desiredplasmidpPR12ARl. The plasmid pPR12ARl DNA 
was transformed into E. coU K12 RV308; selection of 
transfonnants was based on tetracycline resistance. Plasmid 
pPR12ARl DNA was prepared from the transfonnants in 
substantial accordance with the procedure of Example 3. A 
restriction site and function map of plasmid pPR12ARl is 
presented in FIG. 14 of the accon^mnylng drawings. 

About 10 \ig of plasmid pPR12ARl DNA were suspended 
in about 200 ml of high-salt buffer containing about 50 units 
each of restriction enzymes V^sXL and EcoRI, and the diges- 
tion reaction was incubated at 37^* C. for about 2 hours. The 
reaction mixture was then loaded onto an agarose gel, and 
the -2.9 kb Pstl-EcoRl restriction fragment of plasmid 
pPR12ARl was isolated and prepared for ligation. 

About 10 ug of plasmid pL4^7 were digested with restric- 
tion enzymes PstI and BamHI in 200 ul of high-salt buffer 
at 37** C for two hours. The Pstl-BamHI-digested DNA was 
loaded onto an agarose gel, and the -2.7 kb Pstl-BamHI 
restriction fragment that con^sed the origin of repLication 
and a portion of the ampicillin resistance-conferring gene 
was isolated and prepared for ligation. In a separate reaction, 
about 10 ug of plasmid piL47 DNA were digested with 
restriction enzymes EcoRI and BamHI in 200 ul of high-salt 
buffer at 37** C for two hours, and the -1.03 kb EcoRI- 
BamHI restriction fragment that compiised the lambda pL 
transcription activating sequence, the E, coli Ipp translation 
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activating sequence, and the EK-BGH-encoding DNA was 
isolated and prepared for ligation. 

The -2.7 kb Psa-Bamffl and -1.03 kb EcoRI-BamHI 
restdction fragments of plasmid pL47 were ligated to the 
-2.9 kb Pstl-EcoRI restriction fragment of plasmid 
p!PR12ARl to construct plasmid pLllO, and the ligated 
DNA was used to transform E, coli K12 RV308. Tetracy- 
cline resistance was used as the basis for selecting transfer- 
mants. 

IWo Pstlrestrictioii enzyme recognition sites are present 
in the EK-BGH coding region that arc not depicted in the 
restriction site and function maps presented in the accom- 
panying drawings. A restriction site and function map of 
plasmid pLllO is presented in HG. 14 of the acconq)anying 
drawings. 

E. Final Construction of Plasmid pBW32 

Approximately 10 ug of plasmid pSV2-^globin DNA 
(NRRL B-15928) were dissolved in 10 |il lOx Hindm 
reaction buffer, 5 pi (-50 units) restriction enzyme Hindin, 
and 85 pi H2O, and the reaction was placed at 37** C. for 2 
hours. The reaction mixture was then made 0.15 M in liCI, 
and after the addition of 2.5 volumes of ethanol and incu- 
bation in a dry ice-ethanol bath, the DNA was pelleted by 
centrifugation. 

The DNA pellet was dissolved in 10 pi lOx BglH buffer, 
5 pi (-50 units) restriction enzyme Bgin, and 85 pi HjO, and 
tiic reaction was placed at 37** C. for two hours. After the 
Bgin digestion, the reaction mixture was loaded onto a 
0.85% agarose gel, and the fragments were separated by 
electrophoresis. The gel was visualized using cthidium bro- 
mide and ultraviolet light, and the band containing the 
desired -42 kb HindTTT-BgUI firagmcnt was excised £rom 
the gel as previously described. The pcUet was resuspended 
in 10 pi of H2O and constituted -5 pg of the desired -4.2 kb 
Hindm-BglH restriction fragment of plasmid pSV2-P- 
globin. The -2.0 kb Hindm-BamHl restriction fragment of 
plasmid pTPA103 that encodes IPA was isolated from 
plasmid pTPA103 in substantial accordance with the fore- 
going teaching. About 5 pg of the -2.0 kb HindlU-BamHI 
restriction fragment of plasmid pnPA103 were obtained, 
suspended in 10 pi of H2O, and stored at -20^ C. 

Two pi of the -4.2 kb BglH-Hindni restriction fragment 
of plasmid pSV2-^globin and 4 pi of the -2.0 kb Hindm- 
BamHl fragment of plasmid pTPA103 were mixed together 
and then incubated with 2 pi of lOx ligase buffer, 11 pi of 
HjO, and 1 pi of T4 DNA ligase (-500 units) at 4** C. 
overnight. The ligated DNA constituted the desired plasmid 
pTPA301; a restriction site and function map of the plasmid 
is presented in FIG. 14 of the accompanying drawings. The 
Hgated DNA was used to transform E, coU K12 RRl cells 
(NRXU^ B- 152 10) made competent for transformation in 
substantial accordance with the teaching of Exaii^>le 3. 
Plasmid DNA was obtained from the K coli K12 RRl/ 
pTPA301 transformants in substantial accordance with the 
procedure of Example 3. 

Plasmid pSV2-dhfr comprises a dihydrofalate reductase 
(dhfr) gene useAil for selection of transfoniied eukaxyotic 
cells and amplification of DNA covalentiy linked to the dhfr 
gene. Ten pg of plasmid pSV2-dhfr (isolated from E, eoU 
K12 HB10iypSV2-dhfr, ATCC 37146) were mixed with 10 
pi lOx PvuH buffer, 2 pi (-20 units) PvuH restriction 
enzyme, and 88 pi of H2O, and the resulting reaction was 
incubated at 3V C. for two hours. The reaction was termi- 
nated by phenol and chloroform extractions, and then, the 
PvuII-digested plasmid pSV2-dhfr DNA was prcdpitaled 
and collected by centrifugation. 

Bamm linkers (5*-C(jGArCCCG-3') were kinased and 
prepared for ligation by the following procedure. To 1 pg of 



50 

linker in 5 pi H2O was added: 10 pi 5x Kinase salts (300 mM 
Tris-HQ, pH=7.8; 50 mM MgOj; and 25 mM DTTT), 5 |d 
of 5 mM ATP. 5 pi of BSA (1 mg/ml), 5 pi of 10 mM 
spermidine, 19 pi of HjO, and 1 pi of polynucleotide Kinase 
(10 units/pl). This reaction was then incubated at 37** for 60 
minutes and stored at -20** C. Five pi (-5 pg) of the 
Pvuir-digcstedplasmidpSV2-dhfrand 12 pi (-25 pg) of the 
kinased BamHI linkers were mixed and incubated with 11 pi 
of HjO, 2 pi lOx ligase buffer, and 1 pi (-1000 units) of T4 
DNA ligase at 16** C. ovcrai^t 

Ten pi of lOx BamHI reaction buffer, 10 pi (-50 units) of 
BamHI restriction enzyme, and 48 pi of H^O were added to 
the ligation reaction mixture, which was then incubated at 
37° C. for 3 hours. The reaction was loaded onto a 1% 
agarose gel, and the desired -1.9 kb fragment, which com- 
prises the dh£r gene, was isolated from the gel. All linker 
additions performed in these exan^jles were routinely puri- 
fied on an agarose gel to reduce the likelihood of multiple 
linker sequences in the final vector. The -3 pg of fragment 
obtained were suspended in 10 pi of TH buffer. 

Next, approximately 15 pi (-1 pg) of plasmdd pTPA301 
were digested with BamHI restricton enzyme as taught 
above. Because there is a unique BamHI site in plasmid 
pTPA301, this BamHI digestion generates linear plasmid 
pTPA301 DNA. The BamHI-digcsted plasmid pTPA301 
was precipitated with ethanol and resuspended in 94 pi of 
H2O andphosphatased using 1 pi of Calf-Intestinal Alkaline 
phosphatase (Collaborative Research, Inc., 128 Spring 
Street, Lexington, Mass^ 02173), and 5 pi of IM Tris-HCl 
pH=9.0, at 65** C. for 45 min. The DNA was extracted with 
phenohchloroform, then extracted with chloroformdsoamyl 
alcohol, ethanol precipitated, and resuspended in 20 pi H2O. 
Ten pi (-0.25 pg) of phosphatased plasmid pTPA301 were 
added to 5 pi of the BamHI, dhfr-gene-containing restriction 
fragment (-1.5 pg), 3 pi of lOx ligase buffer, 3 pi (-1500 
units) of T4 DNA ligase, and 9 pi H^O. This ligation reaction 
was incubated at 15** C. overnight; the ligated DNA consti- 
tuted the desired plasmid pTPA303 DNA. 

Plasmid pTPA303 was used to transform ct?Z( K12RR1 
(NRRL B-15210), and the resulting K coU K12 RRl/ 
pTPA303 transformants were identified by their ampiciUin- 
resistant phenotype and by restriction enzyme analysis of 
their plasmid DNA. Plasmid pTPA303 was isolatai fi*om the 
transformants in substantial accordance with the procedure 
of Exan^le 3. 

To isolate the -2.7 kb EcoRI-Bgin restriction fragment 
that encodes the pBR322 replicon and [^-lactamase gene 
from plasmid pTPA301, about 10 pg of plasmid pTPA301 
are digested to conq}letion in 400 pi total reaction volume 
with 20 units BqlH restriction enzyme in Ix BgUI buffer at 
37** C After the Bgin digestion, the Tris-HQ concentration 
is adjusted to 110 mM, and 20 units of EcoRI restriction 
enzyme are added to the BglH-digested DNA. The EcoRI- 
Bgin-digested DNA is loaded onto an agarose gel and 
electroph(ffesed until the -2.7 Id) EcoRI-BgJH restriction 
fragment is separated from the other digestion products, and 
then, the -Z7 Id) fragment is isolated and prepared for 
ligation. 

To isolate a restriction fragment that comprises the dhfr 
gene, plasmid pTPA303 was double-digested with HindHI 
and EcoKI restricdon enzymes, and the -2340 bp EcoRI- 
Hindm restriction fragment that comprises the dfaifr gene 
was isolated and recovered. 

To isolate the -2 kb Hindm-Ssfl restriction fragment of 
plasmid pTPA303 that ooniprises the coding region for the 
carboxy-terminus of TPA and the SV40 promoter, plasmid 
pTPA303 was double digested with HindlH and Ssfl restric- 
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Hon enzymes in Ix Hindlll buffer. The -1.7 kb fragment was 
isolated from Ae gel and prepared for ligation. 

To isolate the -680 bp XhoJI (compatible for ligation with 
the Bgin ovcriap>SstI restriction fragment of plasmid 
pBW28 that comprises the coding region for the amino 
terminus of modiiied TPA, about 10 ^g of plasmid pBW28 
were digested with XhoII enzyme to completion In Ix XhoII 
buffer (O.IM Tris-HQ, pH=8.0; 0.1M MgOj; 0.1% Triton 
X-100; and 1 mg/ml BSA). The XhoH-digested DNA was 
recovered by ethanol precipitation and subsequently 
digested to con^letion with SstI enzyme. The XhoII-SstZ- 
digested DNA was loaded onto an acrylamide gel, and the 
desired fragment was isolated from the gel and prepared for 
ligation. 

About 0.1 pg of each of the above fragments: the -2.7 kb 
EcoRI-BglH restriction fragment of plasmid pTPA301; the 
-234 kb EcoRI-Hindm restriction fragment of plasmid 
pTPA303; the -1.7 kb Sstl-Hindin restriction fragment of 
plasmid pTPA303; and the -0.68 kb Sstl-Xhpn restriction 
fragment of plasmid pBW28 were ligated together to form 
plasmid pBW32. The ligation mix was used to transform E. 
coU K12 MM294 as taught in Example 2, except that 50 mM 
CaCl2 was used in the procedure. Transformants were iden- 
tified by their ampidllin-resistant phenotype and by restric- 
tion analysis of their plasmid DNA. Plasmid piBW32 DNA 
was obtained from the E. coli K12 MM294/pBW32 trans- 
formants in substantial accordance with the procedure of 
Example 3. A restriction site and function m^ of plasmid 
pBW32 is presented in FIG. 14 of the accompanying draw- 
ings. 

EXAMPLE 11 

Construction of Plasmids pUPChdl, pLPChd2, 
LPCdhfrl and LPCdhfr2 

A. Construction of Plasmids pLPChdl and pLPChd2 
About 20 pg of plasmid pBW32 in 20 jil of TE buffer were 
added to 10 pi of lOx BamHI buffer and 60 of HjO. About 
10 pi (-50 units) of restriction enzyme BamHI were added 
to the solution of plasmid pBW32 DNA, and the resulting 
reaction was incubated at 37° C. for two hours. The BamHI- 
digested plasmid pBW32 DNA was precipitated with 
ethanol, collected by centrifugation, andresuspendcd in 5 pi 
of lOx Klenow buffer, 45 pi of HjO, and 2 pi (-100 units) 
of Klenow enzyme. The reaction was incubated at 16** C. for 
30 minutes; then, the reaction mixture was loaded onto an 
agarose gel and electrophoresed until the digestion products 
were deaily separated. The -1.9 kb Klenow-treatcd, BamHI 
restriction fragment of plasmid pBW32 that comprises the 
dhfr gene was isolated from the gel and prepared for ligation 
in substantial accordance with the procedure of Example 
4A. About 4 pg of the desired fragment were obtained and 
suspended in 5 pi of TE buffer. 

About 200 pg of plasmid pLPChy g 1 in 100 pi of TE buffer 
were added to 15 pi of lOx EcoRI buffer and 30 pi of H2O. 
About 5 pi (-50 units) of restriction enzyme EcoRI were 
added to the solution of plasmid pLPQiygl DNA, and the 
resulting reaction Was incubated at 37** C. for about 10 
minutes. The short reaction time was calculated to produce 
a partial EcoRI digestion. Plasmid pLPChygl has two 
EcoRI restriction sites, one of which is within the coding 
sequence of the hygromydn resistance-conferring (HmR) 
gene, and it was desired to insert the dhfr-gene-containing 
restriction fragment into the EcoRI site of plasmid 
pLPChyg 1 that is not in the HmR gene. The partiaUy-EcoRI- 
digested plasmid pLPChygl DNA was loaded onto an 
agarose gd and electrophoresed until the singly-cut plasmid 
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pLPChygl DNA was separated ftom uncut plasmid DNA 
and the other digestion products. The singly-cut DNA was 
isolated from the gel and prepared for ligation in substantial 
accordance with the procedure of Exanq)le 4A. About 2 ^ig 
of the singly-EcoRI-cut plasmid pLPChygl were obtained 
and suspended in 25 pi of TE buffer. To this sample, about 
5 pi (-25 units) of Klenow enzyme, 5 pi of lOx Klenow 
buffer, and 40 pi of H2O were added, and tiie resulting 
reaction was incubated at 16** C. for 60 minutes. The 
Klcnow-trcatcd, partially-EcoRI-digestcd DNA was then 
extracted twice with phenol and then once with chloroform, 
precipitated with ethanol, and resuspended in 25 pi of TE 
buffer. 

About 5 pi of the -1.9 Id) Klencw-treatcd BamHI restric- 
tion fragment of plasmid pBW32 and about 5 pi of the 
singly-EcoRI-cut plasmid pLPChygl DNA were mixed 
together, and 1 pi of lOx ligase buffer, 5 pi of H^O, 1 pi 
(-500 units) of T4 DNA ligase, and 1 pi (-2 units), of T4 
RNA ligase were added to the mixture of DNA, and the 
resulting reaction was incubated at 16° C. overnight. The 
Ugated DNA constituted the desired plasmids pLPChdl and 
pLPChd2, which differ only with respect to the orientation 
of tiic -1.9 kb fragment that comprises the dhfr gene. 

The ligated DNA was used to transform EL coU K12 
HBlOl cells made competent for transformation in substan- 
tial accordance with the procedure of Example 2. The 
transformed cells were plated onto L agar containing 100 
pgM ampidllin, and the ampidllin-resistant transformants 
were analyzed by restriction enzyme analysis of their plas- 
mid DNA to identify the E, coll K12 HBlOl/pLPChdl and 
E, coU K12 HB101/pLPChd2 transformats. Arestriction site 
and function map of plasmid pLFChdl is presented in FIG. 
15 of the acconq)anying drawings. Plasmid pLPChdl and 
plasmid pLPChd2 DNA were isolated from the appropriate 
transformants in substantial accordance with the procedure 
of Example 3. 

Plasmids pLPChdS and pLPChd4 are similar In structure 
to plasmids pLPOidl andpLPChd2. Plasmids pLPChdS and 
pLFChd4 are constructed in substantial accordance with the 
procedure used to construct plasmids pLPChdl and 
pLPChd2, except plasmid pLPChyg2 is used as starting 
material in the procedure rather than plasmid pLPChygl. 
B. Construction of Plasmids pLPCdhfrl and pLPCdhfr2 

About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of lOx BamHI buffer and 25 pi of HjO. 
About 10 pi (-25 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. The 
BamHI-digested plasmid pBW32 DNA was treated with 
Klenow in substantial accordance with the procedure in 
Example UA. The blunt-ended fragment was precipitated 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
an agarose gel, and dectrophoresed until the -1.9 kb BamHI 
restriction fragment that conqiiises the dihydrof olate reduc- 
tase gene was separated from the other digestion products. 
The -1.9 kb restriction fragment was ttien isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of £xan4)le 4A; about 10 pg of the desired 
fragment were obtained and suspended in 50 pi of TE buffer, 

About 5 pi of Ndel-StuI-digested plasmid pLPC DNA^ as 
prepared in Example 9, were added to 5 pi of the Klenow- 
treated, -1.9 kb BamHI restriction fragment of plasmid 
pBW32, 1.5 pi of lOx ligase buffer, 1 pi (-1000 units) of T4 
DNA ligase, 1 pi (-2 units) of T4 RNA ligase, and 1^ pi of 
HjO. The resulting ligation reaction was incubated at 16° C 
overnight; the Kgated DNA constituted the desired plasmids 
pLPCdhfrl and pLPCdhfr2, which differ only with respect 
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to the orientation of the -1.9 kfo fragment that contains the 
dhfr gene. The ligated DNA was used to transfonn R coU 
K12 HBlOl in substantial accordance with the procedure of 
Example 2. The transformed cells were plated onto L agar 
containing an^icillin, and the ampidllin-resistant E. coU 
K12 HBlOl/pLPCdhfrl and£. coU K12 HB10iy^LPCdhfi2 
transformants were identified by restriction enzyme analysis 
of their plasmid DNA. 

EXAMPLE 12 

Construction of Plasmid phd 

To construct plasmid phd, it was necessary, to prepare the 
plasmid pLPGidl DNA, used as starting material in the 
constructioa of plasmid phd, from E, coii host cells that lack 
an adenine methylase, sudi as that encoded by the dam gene, 
&e product of which methylates the adenine residue in the 
sequence 5'-GArC-3' E. coli K12 GM48 (NRRL B- 15725) 
lades a functional dam methylase and so is a suitable host to 
use for the purpose of preparing plasmid pLPChdl DNA for 
use as starting material in the construction of plasmid phd. 

E. coli K12 GM48 cells were cultured and made compe- 
tent for transformation, and plasmid pLPChygl was used to 
transfonn the E coU K12 GM48 cells in substantial accor- 
dance with the procedure of Example 2. Hie transformed 
cells were plated on L agar containing an^icillin, and once 
the azi^icillin-resistant, £. coli K12 GM48/pLPChdl trans- 
formants had foimed colonies, one such colony was used to 
prepare plasmid pLPChdl DNA in substantial accordance 
with the procedure of Exan^le 3. About 1 mg of plasmid 
pLPChdl DNA was obtained and suspended in about 1 ml 
of TE buffer. 

About 2 (ig of plasmid pLPChdl DNAin 2pl of TC buffer 
were added to 2 |il of lOx Bdl buffer (750 mM KQ; 60 mM 
TOs-HQ, pH=7.4; 100 mM MgOj; 10 mM DTT and 1 
mg^ml BSA) and 14 pi of H2O. About 2 yX (-10 units) of 
restriction enzyme BcU were added to the solution of 
plasmid pLPChdl DNA, and the resulting reaction was 
incubated at 50° C for two hours. The reaction was stopped 
by extracting the mixture once with phenol and twice with 
dilorofcnn. 

About 1 nl of tiie Bdl-digested plasmid pLPChdl DNA 
. was added to 1 pi of lOx ligasc.buffcr, 8 fd of H2O and 1 pi 
(-500 units) of T4 DNA ligase. The ligation reaction was 
inoibated at 16° C overnight, and the ligated DNA consti- 
tuted the desired plasmid phd. Plasmid phd results from the 
deletion of the extra BcU linkjcrs that attached during the 
construction of plasmid pLPcat and the two adjacent BcU 
restriction fragments of a total size of about 1.45 kb from 
plasmid pLFChdl. A restriction site and function map of 
plasmid phd is presented in HG. 16 of the accompanying 
drawings. Plasmid phd facilitates the expression of any 
DNA sequence from Uic BK virus enhancer-adenovirus late 
promoter of the present invention, because the DNA to be 
expressed can be readily inserted in the correct position for 
expression at the single Bdl site on plasmid phd. 

The ligated DNA was used to transform £. coU K12 
GM48 in substantial accordance with the procedure of 
Exainple 2. The transformed cells were plated on L agar 
containing ampiciUin, and the ampicillin-fesistant coU 
K12 GM48/phd transformants were identified by lestricdon 
enzyme analysis of their plasmid DNA. 

Plasmids analogous to plasmid phd can be constructed in 
substantial accordance with the foregoing procedure for 
constructing plasmid phd using any of plasmids pLPChd2, 
pLPChdS, or pLPChd4 as starting material rather than 
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plasmid pLPChdl. These analagous plasmids differ from 
plasmid phd only with respect to the orieiitation of the 
hygromydn rcsistaoce-confeiiiiig and/or dhfr genes. 

EXAMPLE 13 

Constructioii of Plasmid pLPCElA 

To isolate the ElA gene of adenovirus 2 DNA, about 20 
}ig of adenovirus 2 DNA (from BRL) were dissolved in 10 
Ml of lOx Ball buffer (100 mM Tris-HQ, pH=:7.6; 120 mM 
Mga^; 100 mM 2-mercaptoethanol; and 1 mg/ml BSA) and 
80 Hi of HjO. About 10 pi (about 20 units) of restriction 
enzyme Ball were added to the solution of adenovirus 2 
DNA, and the resulting reaction was incubated at 37° C for 
two hours. The Ball-digested DNA was loaded onto an 
agarose gd and eiectrophoresed until the -1.8 kb restriction 
fragment that contuses the ElA gene was separated from 
the other digestion products. The -1.8 kb fragment was 
isolated from the gd and prepared for ligation in substantial 
accordance with the procedure of Example 4A. About 3 jig 
of the desired fragment was obtained and suspended in 20 ^1 
ofTE buffer. 

About 5 Jig of plasmid pLPC in 5 jil of TE buffer were 
added to 2 pi of lOx StuI buffer and 11 pi of HjO. About 2 
pi (-10 units) of restriction enzyme StuI were added to the 
solution of plasmid pLPC, and the resulting reaction was 
incubated at 37** C for 2 hours. The Stul-digcstcd plasmid 
pLPC DNA was precipitated with ethanol and resuspended 
in 2 pi of lOx Ndd buffer and 16 pi of H2O. About 2 pi (-10 
units) of restriction enzyme Ndel were added to the solution 
of StulHligestcd plasmid pLPC DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. 

The Ndel-StuI-dlgcsted plasmid pLPC DNA was precipi- 
tated with ethanol and resuspended in S pi of lOx Klenow 
buffer and 42 pi of H2O. About 3 pi (-6 units) of Klenow 
enzyme were added to the solution of DNA, and the result- 
ing reaction was incubated at 37° C. for 30 minutes. The 
reaction mixture was then loaded onto an agarose gd and 
dectrcphoresed until the -5.82 kb, Klenow-treated, Ndel- 
StuI restriction fragment was deady separated from the 
other reaction products. The fragment was isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of Exanqde 4A. About 2 pg of the -5.82 kb, 
Klenow-treated, NdcI-StuI restriction fragment of plasmid 
pLPC were obtained and suspended in 25 pi of TE buffer. 

About 9 pi of the -1.8 kb Bali restriction fragment of 
adenovirus 2 that encodes the ElA gene and3 pi of the -5.82 
kb, Klenow-treated, Ndel-StuI restriction fragment of plas- 
mid pUPC were added to 2 pi of lOx ligase buffer and 4 pi 
of H2O. About 1 pi (-500 units) of T4 DNA ligase and 1 pi 
(-2 units) of T4 RNA Hgase were added to the solution of 
DNA, and the resulting reaction was incubated at 16° C. 
overnight. 

The ligated DNA constimted the desired plasmids 
pLPCBlA and pLPCElAl, which differ with respect to the 
orientation of the EEA gene and possibly differ with respect 
to the expression-enhandng effect the BK enhancer has on 
the ElA gene on the plasmid. Because the ElA promoter is 
located doser to the BK enhancer on plasmid pLPCElA 
than plasmid pLPCElAl, ElA expression may be higher 
when plasnaid pLPCElA is used as opposed to plasmid 
pLPCElAl. A restriction site and function map of plasmid 
pLPCElA is presented in FIG. 17 cf the accompanying 
drawings. 

The ligated DNA was used to transform £ coU K12 
HBlOl in substantial accordance with the procedure of 
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Exaiiq>le 2. The transfoimed cells were plated on L agar 
containing ampidllin, and the ampicillin-tcsistant transfor- 
mants were screened by restriction enzyme analysis of their 
plasmid DNA to identify the E, coU K12 HBlOl/pLPCElA 
and E, colt K12 HBlOl/pLPCElAl transfoimants. Plasmid 
DNA was obtained firom the transformants for use in later 
experiments in substantial accordance with the procedure of 
Example 3. 

EXAMPLE 14 

Construction of Plasmid pBLT 

About 1 jxg of plasmid pBW32 DNA (FIG. 14» Exan4)le 
10) in 1 pi ofTO buffer was added to 2 jil of lOx BamHI 
buffer and 15 pi of H^O* About 2 yl (-10 units) of rcstdction 
enzyme BamHI were added to the solution of plasmid 
pBW32 DNA, and the resulting reaction was incubated at 
37** C for 2 hours. The reaction was stopped by first 
extracting the reaction mixture with phenol and then extract- 
ing the reaction mixture twice with chloroform About 1 \3l 
of the BamHI-digested plasmid pBW32 DNA was added to 

1 111 of lOx ligase buffer and 8 pi of H^O, and after about 1 
pi (-500 units) of T4 DNA ligase was added to the solution 
of DNA, the resulting reaction was incubated at 16° C 
ovemighL 

The ligated DNA constituted the desired plasmid 
pBW32del, which is about 5.6 kb in size and comprises a 
single Hindin restriction site. The ligated DNA was used to 
transfonn£. coU K12 HBlOl in substantial accordance widi 
Che procedure of Example 2. The desired E, coli K12 
HB101/pBW32del transformants were identified by their 
ampicillin-resistant resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. Plasmid pB W32del 
DNA was obtained from the transformants for use in sub- 
sequeiit constructions in substantial accordance with the 
procedure of Example 3. 

About 1 pg of plasmid pBW32del in 1 pi of TE buffer was 
added to 2 pi of lOx HindlH buffer and 15 pi of H^O. About 

2 pi (-10 units) of restriction en^me Hindlirwere added to 
the solution of plasmid pBW32del DNA, and the resultiDg 
reaction was incubated at 37** C f or 2 hours. The sample was 
diluted to 100 pi with TE buffer and treated with calf- 
intestinal alkaline phosphatase in substantial accordance 
with the procedure described in Exan^le 2. The reaction 
was extracted twice with phenol then once with chloroform 
The HindHI-digcstcd plasmid pBW32dcl DNA was then 
precipitated with ethanol and resuspended in 10 pi of HjO. 

Plasmid pBalScat (Exanq)le 17) was digested with restric- 
tion enzyme winanr and the -0.65 kb Hindm restriction 
fragment that comprises the modified BK enhancer- 
adenovirus 2 late promoter cassette was isolated and pre- 
pared for ligation in substantial accordance with die proce- 
dure of Example 5. About 0.1 pg of the -0.65 kb ffindm 
restriction fragment of plasmid pBalScat in 5 pi of TE buffer 
was added to 3 pi of the solution of HindlH-digested plasmid 
pBW32dcl. About 1 pi (-500 units) of T4 DNA ligase and 
1 pi of lOx ligase buffer were added to the mixture of DNA, 
and the resulting reaction was incubated at 16** C overnight 

The ligated DNA constimted the desired plasmid pBLT. A 
restriction site and function map of plasmid pBLT is pre- 
sented in FIG. 18 of the accon^anying drawings. The 
ligated DNA was used to transform £*. coU K12 HBlOl in 
substantial accordance with the procedure of Example 2. 
The transformed cells were plated on L agar containing 
air^icillin, and the anopidllin-resistant E coli K12 HBIOL/ 
pBLT transformants were identified by restriction enzyme 
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analysis of their plasniid DNA. Because the -0.65 kb 
Hindm restriction fragment could insert into HindHI- 
digested plasmid pBW32del in either one of two 
orientations, only one of which yields plasmid pBLT, the 
orientation of the -0.65 kb Hindlll restriction fragment had 
to be detennined to identify the E, coli K12 HBlOl/pBLT 
transfcnnants. Plasmid pBLT DNA was prepared from the 
transfonnaats for use in subsequent constructions in sub- 
stantial accordance with the procedure of Example 3. 

EXAMPLE 15 

Construction of Plasmlds pBLThygl, pBIXhyg2» 
pBlTdhfrl. and pBLTdhfr2 

A. Construction of Plasmids pBLThygl and pBUThyg^ 

About 4 pg of plasmid pBLT DNA In 4 jd of TE buffer 
were added to 2 pi of lOx BamHI buffer and 12 of H3O. 
About 2 pi (-10 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBLT DNA, and the 
resulting reaction was incubated at 37** C. for 2 hours. The 
reaction was stopped by extracting the reaction mixture first 
with phenol and then with chloroform. The BamHI-digested 
plasmid pBLT DNA was then prec^itated with ethand and 
rcsuspended in 2 fd of TE bufft^. 

About 10 Jig of plasmid pSV2hyg in 10 jil of TE buffer 
were added to 10 pi of lOx BamHI buffer and 75 pi of H3O. 
About 5 pi (-25 units) of restriction enzyme BamHI were 
added to the solution of plasmid pSV2hyg DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. The 
BamHI-digested plasmid pSV2hyg DNA was precipitated 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
an agarose gel, and dectrophoresed until the ~23 kb BamHI 
restriction fragment that comprises the hygromycin 
resistance-conferring gene was separated from die other 
digestion products. The -2.5 kb restriction fragment was 
then isolated from the gel and prepared for ligation in 
substantial accordance with the procedure of Example 4A; 
about 2 pg of the desired fragment were obtained and 
suspended in 10 pi of TE buffer. 

About 2 pi of the BamHI-digested plasmid pBU DNA 
and 1 pi of the -2.5 kb BamHI restriction fragment of 
plasmid pSV2hyg were added to 1 pi of lOx ligasc buffer, 5 
pi of H2O, and 1 pi (-500 units) of T4 DNAligase, and the 
resulting reaction was incubated at 16** C. overnight. The 
ligated DNA constituted the desired plasmids pBLThygl 
and pBLThyg2. A restriction site and function map of 
plasmid pBLThygl is presented in HQ. 19 of the accom- 
panying drawings. Plasmids pBLThygl and pBLThyg2 dif- 
fer only with respect to the orientation of the -2.5 kb BamHI 
restriction fragment that encodes the hygromycin resistance- 
conferring gene. 

The ligated DNA was used to transform £. coU K12 
HBlOl in substantial accordance with the procedure of 
Exanq)le 2. The transformed ceUs were plated onto L agar 
containing ampiciUin. and the aiiq)icillin-resistant E, coU 
K12 HBlOl/pBLThygl and E. coU K12 HB101/pBLThyg2 
transf ormants were identified by restriction enzyme analysis 
of their plasmid DNA. 

B. Construction of Plasmids pBLTdhfrl and pBLrdhfi:2 

About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of IQx BamHI buffer and 25 pi of H3O. 
About 10 pi (-50 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA, and the 
resulting reaction was incubated at 37* C. for 2 hours. The 
BamHI-digested plasmid pBW32 DNA was precipitated 
with ethanoly resuspended in 10 pi of TE buffer, loaded onto 
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aa agarose gd, and dectrophoresed until the -1.9 kb BamHI 
restriction fragment that comprises the dihydrofolate reduc- 
tase gene was separated from the other digestion products. 
The -1.9 kb restriction fragment was then isolated from tiie 
gel and prepared for ligation in substantial accordance with 
the procedure of Exanople 4A; about 10 pg of the desired 
fragment were obtained and suspended in 50 pi of TE buffer. 

About 2 pi of the BamHI-digestcd plasmid pBLT DNA 
p-epared in Example ISAand 1 pi of the -1.9 kb BamHI 
restriction fragment of plasmid pBW32 were added to I pi 
of lOx ligasc buffer, 5 pi of HjO, and 1 pi (-500 units) of 
T4 DNA ligase, and the resulting reaction was incubated at 
16** C overnight The ligated DNA constitoted the desired 
plasmids pBUdhfrl and pBLrdh£r2. A restriction site and 
function map of plasmid pBLTdhfrl presented in FIG. 20 of 
the accompanying drawings. Hasmids pBLTdh&l &nd 
pBLTdhfi:2 differ only wi& respect to the orientation of the 
-1.9 kb BamHI restriction fragment that encodes the dhfr 
gene. 

The ligated DNA was used to transform coU K12 
HBlOl in substantial accordance with the procedure of 
Example 2. The transformed cells were plated onto L agar 
containing ampidDin, and the ampiciilin-resistant E. coli 
K12 HBlOlpBLTdhfrl and£, coU K12 HB10iypBLTdhft2 
* transf ormants were identified by restriction enzyme analysis 
of their plasmid DNA. 

EXAMPLE 16 

Construction of Plasmids phdTPA and phdMTPA 

' A. Construction of Intermediate Plasmid pTPA6Q2 

About 50 pg of plasmid pTPA103 (Example 10, FIG. 14) 
in 45 pi of ^ass-distilled HjO were added to 30 pi of lOx 
EcoRI buffer and 225 pi of HjO, About 10 pi (-80 units) of 
restriction enzyme EcoRI were added to the solution of 
plasmid pTPAlOS DNA, and the resulting reaction was 
incubated at 37" C. for 90 minutes. TTie EcoRI-digested 
plasmid pTPA103 DNA was precipitated wife ethand, 
resuspended in 50 pi of Ix loading buffer (10% glycerol and 
0.02% faromophcnol blue), loaded onto an agarose gel, and 
dectrophoresed until the -1.1 kb EcoRI restriction fragment 
was separated from the other reaction products. The -1.1 kb 
EcoRI restriction fragment that comprises the TPA amino- 
termtnal-encoding DNA and was isolated from the gel by 
dectrophoresing the fragment into a dialysis bag. The frag- 
ment was then predpitated with ethanol and resuspended in 
160 pi of H2O. 

About 40 pi of lOx Hgal buffer (0.5M NaQ; 60 mM 
Tris-HO, pH=7.4; and 0.1 M MgOJ, 200 pi of glass- 
distiUed l4o, and 20 pi (about 10 units) of restriction 
enzyme Hgal were added to the solution of -1.1 kb EcoRI 
restriction fragment, and the resulting reaction was incu- 
bated at 37** C fOT 4 hours. The Hgal-digested DNA was 
precq)itated with ethanol and then dectrophoresed on a 5% 
aoylamide gd, and the -520 bp restriction fragment that 
encodes the amino terminus of TEVV was isolated onto DE81 
paper and recovered. About 5 pg of the -520 bp Hgal 
fragment were obtained and suspended in 50 pi of H^O. 

About 12.5 pi of lOx Klenow buffer (0.5M Tris-HO, 
pH=7.4, and 0.1 M MgCl^), 2 pi of a solution that was 6.25 
mM in each of the four dcoxynudeotide tr^hosphates, 2 pi 
of 0.2M DTT, 1 pi of 7 pgM BSA, 57.5 pi of glass-distilled 
H2O, and 2 pi (-10 units) of Klenow enzyme (Boehringer- 
Maxmheim Biochcmicals, 7941 Castleway Dr., P.O. Box 
50816, Indianapolis, Ind. 46250) were added to the solution 
of the -520 bp Hgal restriction fragment, and the; resulting 
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reaction was incubated at 20" C for 30 minutes. The 
Klenow-trcated DNA was incubated at 70** C for 15 minutes 
and precipitated with ethanoL 

About 500 picomoles of BamHI linker (5'- 
CGGGArCCCG-3', double-stranded and obtained from 
New England Biolabs) were phosphorylated using poly- 
nucleotide kinase in a total reaction volume of 25 pi. The 
reaction was earned out in substantiai accordance with the 
procedure described in Exan^le 6A. The kinased BamHI 
linkers were added to the solution of Klenow-treated, -520 
bp Hgal restriction fragment together with 15 pi of lOx 
ligase buffer, 7 pi (-7 Weiss units) of T4 DNAligase, and 
enough glass-distaied H^O to bring the reaction volume to 
150 pi. The resulting reaction was incubated at 16° C. 
overnight 

The ligation reaction was heat-inactivated, and the DNA 
was precipitated with cthanol andresuspended in 5 pi of lOx 
BamHI buffer and 45 pi of H^O. About 1 pi (-16 units) of 
restriction enzyme BamHE was added to the solution of 
DNA, and the resulting reaction was incubated at 37** C for 
90 minutes. Then, another 16 units of BamHI cjizyme were 
added' to the reaction mixture, and the reaction was incu- 
bated at 37° C for another 90 minutes. The reaction mixture 
was then electrophoresed on a 5% polyacrylamide gel, and 
the -530 bp Hgal restriction fragment, now with BamHI 
ends, was purified from the gel in substantial accordance 
with the procedure of Example 6A. About 2 pg of the desired 
fragment were obtained and suspended in 20 pi of HjO. 

BamHI-digested, dephosphorylated plasmid pBR322 
DNA can be obtained from New England Biolabs. About 0. 1 
pg of BamHI-digested, dq)hosphorylated plasmid pBR322 
in 2 pi of H2O was added to 1 pi of the -530 bp Hgal 
restriction fragment, with BamHI ends, of plasmid 
pTPA103, 14 pi of H2O, and 1 pi (-1 Weiss unit) of T4 DNA 
ligase, and the resulting reaction was incubated at 16° C 
overnight The ligated DNA constituted the desired plasmid 
pTPA602 and an equivalent plasmid designated pTPA601, 
which differs from plasmid pTPA602 only with respect to 
the orientation of the inserted, -530 bp restriction fragment 
A restriction site and function m;^ of plasmid pTPA602 is 
presented in FIG. 21 of the accompanying drawings. 

The ligated DNA was used to transfoon K coU K12 
MM294 in substantial accordance with the procedure of 
Example 2, excq)t that 50 mM Cad^ was used in the 
procedure. Hie transformed cells were plated on L agar 
containing ampicillin, and the ampidllin-resistant E, coU 
K12 MM294/|aTA602 and £. coU K12 MM294/pTPA601 
cells were identiffed by restriction enzyme analysis of their 
plasmid DNA. Presence of an -530 bp BamHI restriction 
fragment indicated that the plasmid was eiflicr p'IPA602 or 
plasmid pTPA60L 

B. Construction of Intemediate Plasmid pTPA603 

About 5 pg of plasmid pTPA602 were dissolved in 20 pi 
of lOx Bgin and 180 pi of HjO. About 3 pi (-24 units) of 
restriction enzyme BglH were added to the solution of 
plasmid pTPA602 DNA, and the resulting reaction was 
incubated at 37° C. for 90 minutes. Then, -13 pi of lOx 
BamHI buffer were added to the reaction mixture to bring 
the salt concentration of the reaction mixture up to that 
recommended for Sail digestion, and 2 pi (-20 units) of 
restriction enzyme Sail were added to the reaction. The 
reaction was incubated at 37° C, for anofter 2 hours; then, 
the DNA was precipitated with ethand, resuspended in 75 pi 
of loading buffer, loaded onto an agarose gel, and electro- 
phoresed until the -4.2 kb BglH-SaU restriction fragment 
was separated from the other digestion products. The region 
of the gel containing the -4.2 kb Bglll-Sall restriction 
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fragment was excised from the gel, frozen, and the frozen 
segment was wrapped in plastic and squeezed to lemove the 
-4.2 kb fragment The DNA was precipitated and resus- 
pended in 20 ^1 of H^O; about 200 nanograms of the desired 
fragment were obtained. 

About 12 pg of plasmidpTPA103 were dissolved in 15 pi 
of lOx Bgin buffer and 135 pi of H^O. About 2 pi (- 16 units) 
of restriction enzyme BglH were added to the solution of 
plasmid pTPA103 DNA, and the resuldng reaction was 
incubated at 2T C- for 90 minutes. About 10 pi of lOx 
BamHI buffer were added to the solution of BgUI-digested 
plasmid pTPAlQB DNA to bring the salt concentradon of the 
reaction mixture up to that required for Sail digestion. Then, 
about 2 pi (-20 units) of restriction enzyme Sail were added 
to the solution of Bglll-digested plasmid pTPA103 DNA, 
and the reaction was incubated at 37** C. for another 90 
minutes. The BgUI-Sall digested plasmid pTPA103 DNA 
was concentrated by cthanol precipitation and then loaded 
onto an agarose gel, and the -2.05 kb BgUI-Sall restriction 
fragment that encodes all but the amino-tcrminus of IPA 
was isolated from the gel, precipitated with ethanol and 
resuspended in 20 pi of H^O. About 2 pg of the desired 
fragmtent were obtained. 

About 5 pi of the -4.2 kb Bglll-Sall rcstricaon fragment . 
of plasmid pTPA602 and 2 pi of th? -2.05 kb Bgin-^aH 
restriction fragment of plasmid pTPA103 were added to 2 pi 
of lOx ligase buffer, 10 pi of -HjO 20, and 1 pi (-1 Weiss 
unit) of T4 DNA ligase, and the resulting ligation reaction 
was incubated at 16^ C. overnight. The ligated DNA con- 
stituted the desired plasmid pTPA603. A restriction site and 
function of plasmid pTPA603 is presented in FIG. 22 of 
the accoii]|)anying drawings. 

The ligated DNA was used to transform E. coli K12 
MM294 in substantial accordance with the procedure of 
]Exaix^le 2, except that 50 mM CaQ^ was used in the 
procedure. The transformed cells were plated on L agar 
containing anyicillin, and the ampidllin-resistant E, coU 
K12 MM294;pTPA603 transformants were identified by 
restriction enzyme analysis of their plasmid DNA. 
C. Construction of Plasmid pMTPA603 

About 100 pg of plasmid pBLT (Example 14, FIG. 18) in 
100 pi of TE buffer were added to 10 pi of lOx Sstt (Sstt is 
equivalent to restriction enzyme Sad) buffer (60 mM Tris- 
Hd, pH=7.4; 60 mM MgOa; 60 mM 2-mcxcaptoetiianol; 
and 1 mg^ralBSA) and 25 plofHjO. About 10 pi (-50 units) 
of restriction enzyme SstT were added to the solution of 
plasmid pBLT DNA, and the resulting reaction was incu- 
bated at 3T C. for 2 hours. The Sstl-digested plasmid pBLT 
DNA was precipitated with ethanol and resuspended in 10 pi 
of lOx BgUr buffer and 85 pi of HjO. About 5 pi (-50 units) 
of restriction enzyme Bglll were added to the soludon of 
Sstl-digested plasmid pBLT DNA, and the resulting reaction 
was incubated at 37° C for 2 hours. 

The Bgin-Sstl-digested plasmid pBLT DNA was precipi- 
tated with ethanol, resuspended in 10 pi of HjO, loaded onto 
an agarose gd, electrophoresed, and the -690 bp BglE-Sstl 
lestriction fragment, which contains that portion of the 
modified TPA coding sequence wherein the deletion to get 
the modified TPA coding squence has occurred, of plasmid 
pBLT was isolated frrom the gd in substantial accordance 
with the procedure of Example 4A. About 5 pg of the desired 
-690 bp BglS-Sstl restriction fragment of plasmid pBLT 
was obtained and suspended in 100 pi of HjO. 

About 5 pg of plasmid pTPA603 (Example 16B, ETG. 22) 
in 5 pi of TE buffer were added to 10 pi of lOx Ssfl buffer 
and 95 pi of HaO. About 5 pi (-50 units) of restriction 
enzyme SstI were added to the solution of plasmid pTPA603 
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DNA, and the resulting reaction was incubated at 37** C. for 
2 hours. The Ssfl-digested plasmid pTPA603 DNA was 
precq)itated with ethanol and resuspended in 10 ^ of lOx 
Bgin buffer and 85 pi of HjO. About 5 yl (-50 units) of 
restriction enzyme BglH were added to the solution of 
Sstr-digested plasmid pTPA603 DNA, and the resulting 
reaction was incubated at 37" C. for 2 hours. The BglH- 
Sstl-digested plasmid pTPA603 DNA was diluted to 100 pi 
in TE buffer and treated with calf-intestinal allcaline phos- 
phatase in substantial accordance with the procedure of 
Exan^)le 2. The DNA was then precipitated with ethanol and 
resuspended in 10 pi of H^O, 

About 5 pi of the BgOI-Sstl-digested plasmid pTPA603 
and 2 pi of the -690 bp BgUI-Sstl restriction fragment of 
plasmid pBLT were added to 2 pi of lOx ligase buffer, 10 pi 
of HjO, and 1 pi (-1000 units) of T4 DNA ligase, and the 
resulting ligation reaction was incubated at 16° C. overnight 
The ligated DNA constituted the desired plasmid 
pMTPA603. Plasmid pMTPA603 is thus analogous in struc- 
ture to plasmid pTPA603 (FIG. 22), except that plasmid 
pMTPA603 encodes modified TPA, and plasmid pTPA603 
encodes TPA. 

The ligated DNA was used to transfonn E, coli K12 
HBlOl in substantial accordance with the procedure of 
Example 2. The transformed cells were plated on L agar 
containing ampicillin, and the ampidllin-resistant E, coli 
K12 HB101/pMTPA603 transformants were identified by 
restriction enzyme analysis of their plasmid DNA. 
D, Construction of Hasmid phdTPA 

About 10 pg of plasmid pTPA603 (Exanqjle 16B, FIG. 
22) in 10 pi of TE buflfcrwere added to 10 pi of lOxBamHI 
buffer and 85 pi of HjO. About 5 pi (-50 units) of restriction 
enzyme BanoHI were added to the solution of plasmid 
pTPA603 DNA, and the resulting reaction was incubated at 
37** C. for 2 hours. The Bamffl-digested plasmid pTPA603 
DNA was precipitated with ethanol, resuspended in 10 pi of 
H2O, loaded onto an agarose gel, and electrophoresed until 
the -1.90 kb BamHI restriction fragment that encodes TPA 
was separated from the other digestion products. The -1.90 
kb BamHI restrictionfragment was isolated from the gd and 
resuspended ii^ 50 pi of TE buffer; about 4 pg of the desired 
fragment were obtained. 

About 2 pg of plasmid phd (Exanqile 12, FIG. 16) in 2 pi 
of TE buffer were added to 2 pi of lOx Bdl buffer and 14 
pi of HjO. About 2 pi (-10 units) of restriction enzyme BcH 
were added to the solution of plasmid phd DNA, and the 
" resulting reaction was incubated at 50? C. for 2 hours. The 
reaction was stopped by extracting the reaction mixtare first 
with phenol and then twice with chloroform. The Bdl- 
digested plasmid phd DNA was then precipitated with 
ethanol and resuspended in 20 pi of TE buffer. 

About 1 pi of the Bdl-digested plasmid phd and 2 pi of 
the -1.90 kb BamHI restriction fragment of plasmid 
p'IPA603 were added to 1 pi of lOx ligase buffer, 5 pi of 
HjO, and 1 pi (-500 units) of T4 DNA ligase. The resulting 
ligation reaction was incubated at 16** C. overnight. The 
ligated DNA constituted the desired plasmid phdTPA. A 
restriction site and function loap of plasmid phdTPA is 
presented in FIG. 23 of the acconipanying drawings. 

The ligated DNA was used to transform E* coli K12 
HBlOl (NRRL B- 15626) in substantial accordance with the 
procedure of Example 2, The transfoimation mixture was 
plated on L agar containing ampicillin, and the ampidUin- 
resistant coi(K12HBl01/phdTPA cells were identified by 
restriction enzyme analysis. The -1.90 kb BamHI restriction 
fragment could insert into BcH-digestcd plasmid phd in 
either one of two orientations, only one of which places the 
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TPA coding sequence in the proper position to be expressed 
under the control of the BK enhancer-adenoviras late pro- 
moter cassette and thus results in the desired plasmid 
phdTPA. . 

E Construction of Plasmid phdMTPA 

About 10 of plasmid pMTPA603 (Example 16Q in 10 
Ml of TE buffer were added to 10 pi of lOx BamHI buffer and 
85 Ml of HjO. About 5 pi (-50 units) of restriction enzyme 
BamHI were added to the solution of plasmid pMTPA603 
DNA, and the resulting reaction was incubated at 3T C. for 
2 hours. The BamHI-digested plasmid pMTPA603 DNA 
was precipitated with ethanol, resuspended in 10 pil of H2O, 
loaded onto an agarose gel, and elcctrophoresed until the 
-135 kb BamHI restriction fragment that encodes modified 
TPA was separated from the other digestion products. Ihe 
-135 kb BamHI restriction fragment was isolated from the 
gel and resuspended in 20 pi of TE buffo-; about 4 pg of the 
desired fragment were obtained. 

About 1 pi of the BcU-digested plasmid phd prepared in 
Example 16D and 2 jil of the -135 kb BamHI restriction 
fragment of plasmid pMTPA603 were added to 1 jil of lOx 
ligase buffer, 5 pi of H2O, and 1 pi (-500 units) of T4 DNA 
ligase. The resulting ligation reaction was incubated at 16" 
C. ovemi^t. The ligated DNA constituted the desired 
plasmid phdNfTPA A restriction site and function map of 
plasmid phdMTPA is presented in KG. 24 of the accompa- 
nying drawings. 

The ligated DNA was used to transform E. coU K12 
HBlOl in substantial accordance with the procedure of 
Example 2, Hie transformation mixture was plated onL agar 
containing ampicillin, and the ampidUin-resistant E, coU 
K12 HBlOl/phdMTPA ceUs were identified by restriction 
enzyme analysis of their plasmid DNA. The -135 kb 
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BamHI restriction fragment could insert into BGI-digested 
plasmid phd in either one of two Qrientations, only one of 
which places the TPA coding sequence in the proper position 
to be expressed under the control of the BK enhancer- 
adenovirus late promoter and thus results in the desired 
plasmid phdMTPA. 

EXAMPLE 17 

Construction of an Improved BK Enhanccr- 
Adenovirus Late Promoter Cassette 

The transcription-enhancing effect of the BK enhancer 
can be significantly increased by placing the enhancer from 
0 to 300 nucleotides upstream of the 5' end of the CAAT 
region or CAAT region equivalent of an adjacent eukaryotic 
promoter. Hie sequence and functional elements of Hit 
present BK enhancer-adenovirus 2 late promoter cassette* 
before modification to achieve greater enhancing activity, is 
deleted below. This depiction assumes that the BK 
enhancer is from the prototype strain of BK vims, available 
from the ATCC under the VR-837. However, ATCC VR-837 
consists of a mixture of BK variants. Plasmid pBal8cat and 
the other BK enhancer-containing plasmids of the invention 
comprise this BK enhancer variant and not the BK prototype 
enhancer depicted below. As stated above, however, any BK 
enhancer variant can be used in the methods and compounds 
of the present invention. Plasmid pBalScat can be obtained 
in E. coU K12 HBlOl cdls from the Northern Regional 
Research Center, Peoria, HI, 61604 under the accession 
number NRRL B-18267. 



Hin d in 

^'^SSE?^'^ CATTAAOGGA AGATTTCCCC AC3GCAGCICT TTCAAGGOCT AAAAGGICCA 

120 

TGAQCTCCAT GGAXICITCC CTOITAAGAA CTTTATOCAT TnTCCAAAA ATTCCAAAAa 

,St^ 180 

AATACGGATT TCCOCAAATA 01111UCTAG_ GCCICAGAAA AAGCCTCCAC ACCXZTTACTA 

240 

CriGAGAGAA AGGQTGGAGG CAGAGGCGGC CTOGGCCTCT TATATATIAT AAAAAAAAAG 

300 

: — £rst repeat of ^BKenbancer • 

GCCACAGGGA GGAGCTGCIT ACCCATGGAA TGCAGCX:aAA CCAiaACCTC AGOAAGQAAA 

360 

second repeat of Ac BK enhancer » 

GTGCATOACr CACAGGGQAA TOCAGCCAAA CCATGACCIC AGGAAGGAAA GTCGAIGACI 
^ 420 

— third repeal of the BK enhancer 

CACAGGGAGO AGCTCCTTAC CCATGGAATC CAGCXAAACX: ATGACCICAG OAAGGAAACyr 

* ' — = 43 bp insert, not found in BK(DUN) 1 430 

GCATGACrOG GCAGOCAOCX: AGTGGGAQIT AATAOTOAAA CCCCXKXX3AC AGACATCTIT 

540 

TGCGAGCCTA GGAATCnGO CCriGTOCOC ACnTAAACTO GACAAAGGCC ATOGITCIGC 

s£!?'^32i" Sstl 600 

GCCACGCTOT CCIOGAGCOG TGTTOCGOOG TCCTCXnCGT ATAGAAACTC GGACCACICT 

660 

GAOACOAAGG CTCGCGTCCA GGCCAGCACQ AAGGAGGCTA AQTGGGAGaQ GTAGCGGICO 

720 

TTGTCCACrA GGOGGICCAC TCGCTCCAGG GTOTGAAGAC ACATGTCGCC CTCTICGGCA 

CAAT Region 780 

TCAACOAAGG JQATTGUin ATAGGrGTAQ GCCACGTGAC COGGTGTTCC TGAAGGGGGG 

start site of transcriptioo 
TAlABox • > 

GGCrrCGGGGC GCGTICGTCC TCACIxncn COGCATOGCT GTCIGCGAGG 

874 

BCU linker Hindni 
GCCAGCTGAT CAGCCTAGGC TTTGCAAAAA GCIT-3' 



wherein A is deoxyadenyl; G is deoxyguanyl; C is deoxy- 
cytidyl; and T is thymidyL 
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The prototype BK enhancer is defined by the three 
repeated sequences indicated in the sequence above and 
functicns similarly, with respect to an adjacent sequence, in 
either orientation. To bring the enhancer, more spedfically^ 
the 3* end of the third repeat (which depends on the 
orientation) of the BK enhancer, doser to the 5' end of the 
CAAT region of the adcnovirus-2 late promoter, about 82 \ig 
of Sstl-digested plasmid pBLcat DNAin 170 pi of TE buffer 
were added to 20 pi of 5x BaOl nuclease buffer (O.IM 
Ttis-HQ, pa=8,l; OJM NaQ; 0,06 M Caa^; and 5 mM 
NajEDTA) and 9 pi of Bal31 nuclease, which was coro^osed 
of 6 pi (-6 units) of **fasr and 3 pi (-3 units) of "slow" 
Bal31 enzyme (marketed by International Biotechnologies, 
Inc., P.O. Box 1565, New Haven, Conn. 06506). The reac- 
tion was incubated at 30*^ C. for about 3 minutes; then, after 
about 10 pi of O.IM EGTA were added to stop the reaction, 
the BaBl-digestcd DNA was collected by ethanol precipi- 
tation and centrifugation. The DNA pellet was resuspended 
in Ix Klenow buffer and treated with Klenow enzyme in 
substantial accordance with procedures previously described 
herein. 

The Klcnow-treated DNA was resuspended in 10 pi of TE 
buffer; about 1 pi of the DNA was then sdf-ligated in 10 pi 
of Ix Ugase buffer using T4 DNA and RNA Ugase as 
previously described. The ligated DNA was used to trans- 
form E. coU K12 HBlOl, and then the transfonnants were 
plated onto L agar containing ampicillin. Restriction enzyme 
analysis was used to detenoine which transformants con- 
tained plasmids with an appropriatdy-sized BK enhanccr- 
adenovirus 2 late promoter cassette. The foregoing proce- 
dure generates a number of plasmids in which the BK 
enhancer is placed within 0 to 300 nucleotides upstream of 
the CAAT region of the adenovirus late promoter. One 
plasmid resulting from the above procedure was designated 
plasmid pBalScat Basmid pBalScat is available from the 
NRRL under the accession number NRRL B-18267. Plas- 
mid pBalScat contains a variant of the BK enhancer that is 
believed to contain two repeat sequences of about 90 bp 
each. This variant enhancer can be used in the method of the 
present invention by placing the 3' end of the second repeat 
within 0 to 300 nucleotides of the CAAT region of the 
adenovirus late promoter. 

Those skilled in the art will recognize that the foregoing 
procedure produced a number of distinct plasmids, of which 
plasmid pBalScat is illustrative. These plasmids, as a group, 
represent placing the BK enhancer at a variety of distances 
less than 300 nucleotides from the CAAT region of the Ad2 
late promoter and thus comprise an iix^artant aspect of the 
present invention. This method for improving the activity of 
a BK enhancer, which can be achieved using the foregoing 
procedure or others known to those skilled in the art, can be 
used with any BK enhancer and any eukaryotic promuotec 

EXAMPLE 18 

Construction of Eukaryotic Host Cell 
Transformants of the Expression Vect<vs of die 

Present Invention and Determination of 
Recombinant Gene Expression Levels in Those 
Transformants 

An important aspect of the present invention concerns the 
use of the BK enhancer to stimulate gene expression in the 
presence of the ElA gene product Because 293 cells con- 
stitutively express the ElA gene product, 293 cells are the 
preferred host for the cukiiyotic expression vectors of the 
present invention. 293 cells are human embryonic kidney 
cells transformed with adenovirus type 5 (note that any 
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paidcular type of adenovirus can be used to supply the ElA 
gene product in the method of the present invention) and are 
available from the ATCC under the accession number CRL 
1573. However, the expressioa vectors of the present inven- 
tion function in a wide variety of host cells, even if the ElA 
gene product is not present Furthermore, the ElA gene 
product can be introduced into a non-ElA-producing cell 
line either by transfacmation with a vector of the present 
invention that comprises the ElA gene, such as plasmids 
pLPCElA and pLPCElAl, or with sheered adenovinis 
DNA, or by infection with adenovirus. 

The transfoimatLOn procedure described below refers to 
293 cells as the host cell line; however, the procedure is 
generally applicable to most eukaryotic cell lines. A variety 
of cell lines have been transformed with the vectors of the 
present invention; some of the actual transformants con- 
strocted and related information are presented in the Tables 
accompanying this Example. Because of the great number of 
expression vectors of the present invention, the transforma- 
tion procedure is described generically, and the actual trans- 
formants constructed are presented in the Tables. 

293 cells are obtained from the ATCC under the accession 
number CRL 1S73 in a 25 mm^ flask containing a confluent 
monolayer of about 5JxlO* cells in Eagle's Minimum 
Essential Medium with 10% heat-inactivated horse serum. 
The flask is incubated at 37** C; medium is changed twice 
weekly. The cells are sub-cultured by removing the medium, 
rinsing with Hank's Balanced Salts solution (Gibco), adding 
025% trypsin for 1-2 minutes, rinsing with fresh medium, 
aspirating, and dispensing into new flasks at a subcultivation 
ratio of 1:5 or 1:10. 

One day pdor to transformation, cells are seeded at 
0.7x10^ cdls per dish. The medium is changed 4 hours prior 
to transformation. Sterile, ethanol-precipitated plasmid 
DNA dissolved in TE buffer is used to prq}are a 2x 
DNA-CaCls solution containing 40 pg/ml DNA and 250 
mM CaOj. 2x HBS is prepared containing 280 mM NaQ, 
50 mM Hepes, and 1.5 mM sodium phosphate, with the pH 
adjusted to 7.05-7. 15. The 2x DNA-CaClj solution is added 
dropwise to an equal volume of sterile 2x HBS. A one ml 
sterile plastic pipette with a cotton plug is inserted into the 
mixing tube that contains the 2x HBS, and bubbles are 
introduced by blowing while the DNA is being added. The 
caldum-phosphate-DNA precipitate is allowed to form 
without agitation for 30-45 minutes at room temperature. 

The precipitate is then mixed by gentle pipetting with a 
plastic pipette, and one ml (per plate) of precipitate is added 
directly to the 10 ml of growth medium that covers the 
redpient cells. After 4 hours of incubation at 37** C, the 
medium is replaced with DMEM with 10% fetal bovine 
serum and the cells allowed to incubate for an additional 72 
hours before providing selective pressure. For transformants 
e:q>ressing recombinant human protein C, the growth 
medium contained 1 to 10 }ig/xDl vitamin K, a cofactor 
required for y-carboxylation of the protein. For plasmids that 
do not comprise a selectable noarker that functions in 
eukaryotic cells, the transformation procedure utilizes a 
mixture of plasmids: the expression vector of the present 
invention that lacks a selectable marker; and an expression 
vecto' that comprises a selectable marker that functions in 
eukaryotic cells. This co-transformation technique allows 
for the identification of cells that comprise both of the 
transfcxming plasmids. 

For cells transfected with plasmids containing the hygro- 
mycin resistance-confexiing gene, hygromycin is added to 
the growth medium to a flnal concentration of about 200 to 
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400 |ig/ml. The cells are then incubated at 37° C for 2-4 
weeks with medium changes at 3 to 4 day intervals. The 
resulting hygromydn-resistant colonies are transfeired to 
individual culture flasks for characterization*. The selection 
of neomycin (G41$ is also used in place of neomycin)- 
resistant colonies is peiformed in substantial accordance 
with the selection procedure for hygromydn-resistant cells, 
except that G418 is added to a linal concentration of 400 
pg/ml rather than hygromydn. 293 cells are dhfr positive, so 
293 transfonnants that contain plasroids comprising the dh£r 
gene are not selected solely on the basis of the dhfr-positive 
phenotype, which is the ability to grow in media that lacks 
hypoxanthine and thymine. Cell lines that do lack a func- 
tional dhfr gene and are transformed with dhfr-containing 
plasmids can be selected for on the basis of the dh&+ 
phenotype. 

The use of the dihydrofolate reductase (dhfr) gene as a 
selectable marker for introdudng a gene or plasmid into a 
dhfr-defident cell line and the subsequent use of methotr- 
exate to amplify the copy number of the plasmid has been 
well established in the literature. Althougjb the use of dhfr as 
a sdectable and amplifiable marker in dhfr-prodiidng cells 
has not been well studied, efBdent coampMcation In pri- 
mate cells requires an initial selection using a directly 
sdectable marker before the coamplificatlon using methotr- 
exate. The use of the present invention is not limited by the 
sdectable marker used. Moreover, amplifiable markas such 
as metallothionein genes» adenosine deaminase genes, or 
members of the multigene resistance family, exemplified by 
P-glyooprotein, can be utilized. In 293 cells, it is advanta- 
geous to transform with a vectcf tiiat contains a sdectable 
marker such as the hy gromydn B resistance-confeiring gene 
and dien ampliiy using mic^otrexate, which cannot be used 
for direct selection of murine dhfr-containing plasmids in 
293 cells. The levds of coamplification can be measured 
using Southern hybridization or other methods known in the 
art Tables 7 and 8 display the results of coampMcation 
experiments in 293 cells. 

TABLE 3 

ExpitssioQ LeveU in 293 CeU TVansftannanls 



Expresum Level (as mcasuied by 
amoimt of expressed gene product in 
Plasmid Bxpcessed Ocne cell modia) 



pLPCbygl 


Protein C 


0,1-4.0 jig^icy* cells/day. 




FrotebC 


0.1-4.0 yig/l(f oells/chy. 


pLPC4 


PibteinC 


0.1-2.0 ^^10^ cella/dayt cotransfonncd 




PrnteinC 


with plasmid pSV2by^ 

0.1-2.0 \i$flCf celWday, cotransformed 

with plasmid pSVlbyg. 


pLFCfall 


Protein C 


-1.2 ng^lO* cells/day, 




TPA 


in a transieiit' assay oonducted 24-36 
hours posNtransfonnatioo, about 05- 
1.25 ps/lO' cells, if the VXffaut 
pioduct is present tn the host cell and 
about lO-fbld less if not. Stable 
traoifbnmnts produce about 2.5-3.S pg/ 
4 X 10* ccUs/day. 



TABLE 4 



Expression Levels in MK2 f ATCC CCLTi Cell TVansfonnants 
Plasmid Hxpiesaed Gene B:q;)iession Level 

pLPChygl Protein C 0.005-0.040 p£/I0* cells/day. 

pLPChd Protein C , 0.025-0.4 pg/lO* cells/day. 



m 
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TABLE 4-coiitinued 



Expreasion Levels m MK2 (ATCC CCX7) Cell Ihmsfonnflnls 


Plasmid 


Expressed Gene Ezpxcsskm Level . 


pLPC4 


Ptotem C 0.025-0.15 cells/day, 




ootransfianned whb plaonid pSV2hyg. 


pLPCS 


Protein C 0.025-0.18 \xgfi(fi ceUs^day, 




cotransfonned with plasmid pSV2hyg. 



TABLES 



Relative Levels of Chlamnpheaicaol Acetylatrass&iase 
(CAT) Ptoduced by Recozabiiiarit Plasmids in Various Hunoaa 
• and Monkey Kidney C ell Liws 

Relative Level* of CAT in Cell Line: 





293 




COS-1 






(AICC 




(ATCC 




Plasmid 


CRL1573) 




CRL16S0) 


(ATCC CCL7) 


pLPcat 


0.17 


0.16 


0.18 


0.06 


pSV2cat 


1 


1 


1 


1 


pBLcat 


10.4 


2.7 


lA 


1.3 


pSBLcat 


3.9 


5.4 


2A 


18 


pSLcat 


0.20 


3.6 


NT 


1,05 


pBalScat 


17 


1.8 


m* 


1.2 



'Hie values for the relative levels of CAT produced in each cell line weie 
based on the level of CAT from plasmid pSV2cat as unity in that cell line. 
Results are fbe avenige of £rom 2 to 6 individual detetminations of each data 
point ND = cot detected. NT - not tested. Plasmid pSLcat is analogous to 
plasmid pBLcat but has the SV40 enhancer rather than the BK enhancer. Only 
th 293 ceU line produces ElA. The COS and k8l6^ ccU lines produce T 

**kS16-4 Cells were prepared by transfbnmtion of primaiy human kidney 
cells with a plasmid, designated pMKlti, 8-16 (obtained hoax Y, Okmnan, 
Cold Spring Harbor), containiog an SV40 genome with a defect in the origm 
of replication. This oell line constitutivcly prcl^^uces .1he .X-a^lt^gen of SV40. 
The k816^ cell line is essentiapy the same as cell lixv SVl, and SV40- 
transformed human kidney line, described by R O. Major, Folyomarvixuses 
and Human Neurological Disease (Alan R. Liss, Inc., N.Y 1983, eds D. 
Madden, and I. Sever). 



TABLE 6 



Relative Levels of Chlonmpheniool AcelylatransCerase (CAT) 
Pioducod by Recombioant Plasmids in Various Human and Monkey 

Kidney Cell Lines Oorzected for Relative DifGsrences ia 
Plasmid Copy Number 



Relative Level* of CAT in Cett Line: 



PIsBmid 


293 


k8164 


MK2 


pLPteaE 


0.18 


0JE5 


0.015 


pSV2cat 


1 


2.1 


0.25 


' pBLcat 


1Z6 


3.8 


0.32 



*TbB values for the relative levels of CAT produced in each cell Ime wen 
collected by dividii^ the level of CAT in the cell lysate by ^ amount of 
plasmid DNA, as determined by hybridization analysis, in the cell 
lysate. Tbe corrected value for plasmid pSV2cat in 293 cells was taken as 
uni^. 



Metbotxexate setnsitivity and leivel of HPC 
expiesKioa from 293 cells transfbnoed by plasmid pLPCbd 
and initiaHy selected for hygroniycm resistance. 



Level of 


Number of 


Level of HPC 


metbotxexate (mM) 


coicoies ' 


(ng/l(y cells) 


0 


CGofluent 


575 


0.05 


confluent 


17W 


0.2 


500+ 


3786 


0.4 


32 


235 


0.8 ' 


53 . 


325 


1.6 


58 


165 


3.2 


44 


310 
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TABLE? 



^ TABIJB 8 

Level of HPC in cloiies selected for growth in increasiug levels of 
metfaotrexate following initial selection with hygroniYcin (A) or G418 fB) 

HPC fng/10* cells/dav^ in MTK (uM) level of: 

Oj03 0,1 0.2 ' 0.4 0.8 1.6 3.2 5.0 10 



Pool 1118 


270 


210 


-1 


1820 


310 


"10 


2170 


220 


-35 


1520 




-26 


1300 


240 


-37 


2400 




-21 


1100 


1700 


21 subckmos 






21-1 






21-2 






21-3 






2M 






21-5 






21-6 






21-7 






21-lOb-l 






21-10-3 






21-10b-3 






21-10b-4 






21-10b-5 






21-10b-6 






21-10-7 






21-10b.7 






21-lOb-lO 






21-10-2 












Pool 0925 






Subclones 






hdA6 






hdA4 







160 290 

370 150 350 360 

370 110 200 

210 200 

460 150 160 

470 630 530 580 



3100 2450 2060 1100 680 



4100 
4300 
3010 
2970 
4130 
2830 
1130 

SJ90 
4700 
12175 
11155 
10235 
8490 
<20 
4990 
9500 
1705 

315 ■ 600 2200 



37000 
22250 
Al 

A2 33750 
A3 I 44250 

■*deD0tes cotiaiufection with plasmids pLPChd and pSV2Deo. 



EXAMPLE 19 

CeU line AV12 (ATCC CRL 9595) can be transfarmed in 
substantial acxordancc with the procedure described for 293 
ccUs in Example 18. However, unlike 293 cells, AV12 cells 
can be directly selected with methotrexate (200-500 nM) 
when transformed with a vector containing the murine dhfr 
gene. Table 6, below, illustrates the advantages of producing 
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a y-carboxylated protein, ia this instaace, activated human 
protein . C, in an adenovirus-transformed host cell. The 
transfonnants were selected using hygromycin B or meth- 
otrexate; transfonnaats produced -2 to 4 [ig/ml of human 
protein C. Protein C levels can be increased to -10 jig/ml by 
anq)lification with mjdthotrexate. The protein C was acti- 
vated and its activity determined as described in Grinnell et 
aL, 1987, Biotechnology 5:1189. Activity values are based 
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on an activity of 1.0 for human plasma protein. The activities 
are e^ipressed in latics of activated partial thromboplastin 
time (AFIT) over amidolytic (serine protease) activity or 
amount of protein C antigen (EUSA). 



TABLE 9 



Functiona] Activity of Protein C FtDduccd in 
Adenovims-trattsfenned Cell Lines 


Cell Line 


APTT/Aaudolytk 


APIT/EUSA 


29ypLPChd 


lJ-1.7 


1^1.7 


AV12ApLPChd 


0^1.45 


05-1.45 


SA7/pLPCM 


Dd 


1.0 


. SV2CypLPCbd 


Dd 


0.95 



ndgpot detennined; SA7 and SV20 are Syrian hamisterccU lines transfonned 
with simian adenovirus 7 and simian viius 20, respectively. 



Table 9 shows that the recombinant protein C activity 
produced in an adenovinis-transfoimed host cell is at least as 
active as that found in human blood. In non-adenovirus- 
transformed host cells, the anticoagulant activity of the 
recombinant protein C produced never exceeds 60% of the 
activity of human blood-derived protein C. 

EXAMPLE 20 

Construction of Hasmids p4-14 and p2-5, Flasmids 
that Encode the Ttipartite Leader of Adenovirus 

Plasmids p4-14 and p2-5 both utilize the improved 
BK-enhanccr adenovirus late promoter cassette of plasmid 
pBalScat and the tripartite leader of adenovirus to drive high 
level expression of human protein C in eukaiyotic host cells. 
The DNA encoding the adenovirus tripartite leader (TPL) 
was isolated from adenovirus; numbers in parentheses after 
restriction enzyme cut sites refer to map units of adenovirus. 

Plasmid pUC13 (commcrdally available from BRL) was 
digested with restriction enzymes SphI and BamHI and then 
ligatcd with the TPI^encoding ^12 kb SphI (5135)-BcII 
(12^301) restriction fragment of adenovirus type 2 to yield 
plasmid pTPL4. Part of an intron was deleted from the 
TFLrencoding DNA by digesting plasmid pTPL4 with 
restriction enzymes Saiil (7616) and Bgin (8904), treating 
with Klenow enzyme, and religating to yield plasmid 
pATPL. Plasmid pATPL was then digested with restriction 
enzyme Xhol, and the -2.62 kb Xhd fragment encoding the 
TPL (Xhol sites at 5799 and 9689 of adenovirus) was 
isolated and prepared for ligatioD. 

Plasmid pBLcat was digested with restriction enzymes 
Xhol and Bell and tfien ligated with die linker: 
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n 

to yield plisnid p?i^T <niij GOiutxu€tio& zepbices the 
t 4qi i7ViT"* r™^y^ *" pkmidpBLeat with the Unkg 
leqaesce. "EUsnM pBALcat was digested with itatrtctton 
ea^msXiQl md Ugtfed with the -Zd2 kbOChoI nsatricHcn 
ftagmeat of plianidp^rFL to yield plasmid pB^lPL in 
whidi tfatfTTL-e&oodiag fta^DOit it uairec tly posdoned to 
pbcetheBKenhancet; ade&ovinumj^ar late promoter^ and 
TFL io fbr cqpsessioa of ilie CM geae. 

flasmid p2*5 was thea coastnicted by ligatlag these 
fragmcQU: (1) theAatS-BclIrestiictioaiScagmeat of plassiid 
pLPCbdl, which cscodes (ho dhfr gene; (2) the proteia 
C-eacodlflg. Bdl lestdcdon fagmcot of plasmid pLPChdl; 
(3) the IH^^escodlng PvoH-BcH testrictioo fragw^ Q t of 
r.UtW't pBAL-TTL; aad (4) the BK-enhancer-AdZMLP- 
eacodlng PvaH-AatXI xestdcdan fragment of pUsaid 
pBalSm. VUaaid pi2-5 thns contains the dfafir geae as a 
selectable, sn^Ufiable marjcer aad the BK e&haacer, 
Ad2MLP, aad AdXTFL coff ccdy positioned to drive expres* 
siott of htuaaa proteia C 

Plasmid pi-14 is aaalogoos to plasmid pZ«5 but was 
coastructed via aa in trrm edite plasmid desigaated 
pBaianCTl- Plasmid pBalBTEL was constructed by ligiting 
togmcnu 1, 3, aad 4, nscd in the construction of plasmid 
p2r-5, as described in the preceding paragraph. PUsmid 
pBalSTPL was then digested with restricdoa enzyme Xhol 
trtated with Kleaow enzyme to mike the Xhol ends bluntp 
ended and then Ilgsted with the famnaa proteia C-eacoding, 
Kleaow-treated Bdl restiictioa &agmcot of plasmid 
pLPOufl to yield plasmid p4-l4» Thus, plasmid p4-14 only 
differs fiom plasmid p2-nS ia that the protda C-encoding 
DHA was insoted at (he Xhol site in the fragment derived 
from plasmid pB^lK^ whereas in plasixrid p2-5, this 
DKA was inserted at the Bca site in die DNA derived from 
plasmid pBAL>T?L» 

PUsmid p4-14 and p2-5 drive high-level expression of 
hnTp.n jrocdn C Do AV12 oelU, plasmids p4-X4 and p2*3 
can be directly , sdected using 200-500 uM mettxotxcxate. 
AV12/b4-14 transfbtmantSi before amplification, express 
5^ Hyn^ mere homan protein C than AV12/pUPCdhfr 
transformants. AmpUficatiott with methotrexate ftmhcr 
increases the amount of human protein C produced by the 
cells, Plasmids p4-14 and p2-3 ire dms Illustndve of the. 
higher expression Icveb achieved usmg the TPL of adca- 
ovtnu. 



SBQCIBHCa LXSHHO 



( I )OD4BaALUVCRIAaiO((i 

(til )MowisiorsaQcnMasi3i 



< 2 )PCP0B>UmOMPeK3aQg>NOiit 

( C } SnuKCWBSSi dUtU 
( D )TOKC0O1&Im« 



